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1. The HIBAL Program was initiated in FY79 as part of the Army/Navy Area
SAM Advanced Prototyping Program in NAVSEA 62R5 to develop and demonstrate
new fragmentation warhead technology for defeat of bomber aircraft. The
program is being conducted by the New Mexico Institute of Mining & Technology
with technical support from NSWC and NWC/CL. The primary emphasis has been
on obtaining fuel ingestion kills by penetrating through the large bomber
fuel tanks with a relatively large fragment having good hydrodynamic penetra-
tion capability. This same fragment design has also been shown to yield
improved capability against aircraft engines and on-board ordnance. The

enhancement in end-game effectiveness has been found to produce not only
higher probability-of-kill (Pk) but also a redundancy of killed components
which should yield reduced susceptibility of Pk to future changes in target
descriptions and vulnerability models. Development of this technology is
nearing completion with the final Prototype Demonstrations scheduled for
early FY81.

2. In the course of this program, a considerable amount of warhead technology
has been developed in the areas of liquid penetration, fuel dump capability and
fragmentation control. A series of four reports is planned to document this
technology to ensure maximum utilization of this data. These reports will
include:

a. Fragment Drag through Liquids
b. Vulnerability Modeling Procedures for Fuel Cells
c. Preliminary Warhead Design
d. End Game Analyses

in addition, a separate report will be published documenting the Prototype

Demonstration firings against running engines as well as a final report
summarizing all work under this program.
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3. Enclosures (1) and (2), Preliminary Warhead Design, are the first published

in this series of reports. This report documents the application of the HIBAL

fragment designs to four warhead configurations from 80 to 200 lb using both

controlled fragmentation, with an opposed grooving technique, and preformed

hexagonal fragments. Full scale warhead test results verify the ability to

predict warhead performance and establish guidelines to successfully obtain

good fireformed HIBAL fragments. These tests have also formed the basis forI defining warhead characterizations for each of the HIBAL configurations.

An additional 135 lb warhead and 200 lb annular warhead are currently being
tested to verify the new fragmentation control guidelines. These tests will

be reported separately.

4. The four HIBAL configurations were selected to be compatible with current

and projected missile systems. These designs represent Advanced Development

Concepts. Application of the HIBAL technology to a specific missile system
warhead design will require more extensive design tradeoffs in a number of

areas including threat spectrum weighting, encounter conditions, warhead size,

warhead shape, length-to-diameter ratio, and structural design.

< .WILLI S, III
BY DIICTION
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1.n INTROLICTION

1 BACKGROUND

his report presents the results of tests done under the Preli-
minary-Wa. head-Design Task of the HIBAL Program. In this preliminary
testing stage, basic engineering data were collected on the perfomance
of various HIRAL-fragments, and various HIBAL-warheads. The results
obtained fron these tests will be used to provide warhead models for the
2nd phase of the HIBAL end-game-analysis effort. The wiarheads showing
the greatest lethality (highest Pk) in the analysis will be selected for
the design and fabrication of a set of prototype warheads for use in
demonstration firings scheduled for the fall of 1980.

TL

1.2 GENERAL DESIGN-GIIELINES

A he first year's effort in HIBAL consisted of a survey of aero-
space contractors to identify potential HIBAL applications, creation of
a HIBAL-fragment vulnerability-data-base, and a preliminary end-game
analysis comparing numerous HIBAL "paper" designs.-his effort resulted
in a set of guidelines for the preliminary warheadI esigns that are
discussed below.

Warhead Sizes: The aerospace-contractor survey defined four base-

line HIBAL-warhead sizes; 1) 8-inch O.D., 80-lb, 2) 11-1/2- inch
O.D., 135-lb, 3) 11-1/2-inch O.D., 200-lb, and 4) 19-inch O.D.,
10-1/2-inch I.D., 200-1b. Designs 1, 2, and 3 are solid
cylinders, while design 4 is an annulus with a 10-1/2-inch I.D.
The various shrouds associated with the missiles were also
identified in the survey. (NOTE: Shrouds can effect both fragment
velocity and quality and thus need to be included in warhead
characterization tests.)

Fragment Sizes: The HIBAL vulnerability/lethality testing was
done with 700-, 1200- and 2000-grain HIBAL-fragments, and the
"paper" designs for the first phase HIBAL end-game analysis in-
cluded these three fragment sizes. The end-game analysis resulted
in the 700-grain fragment being selected as the best choice of the
above three sizes. At the January, 1980 HIBAL program review
meeting it was decided to acquire data for 500- and 900-grain
fragments, as well as for 700-grain frag::ients, to enable the
second phase analysis to detenine the sensitivity ot P to a
choice of fragments over the range of 500- to 900-grain.

Fragment Ejection Velocities: Because the first-phase end-game
analysis had determined that 5000- to 6000-ft/sec (static) ejection
velocity was sufficient for the encounter conditions that werc
studied, 5000-ft/sec to 5500-ft/sec was set as the guideline for the
preliminary warhead designs. It should be noted thaL the targets

PAGE I
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were heavily weighted towards manned aircraft, not cruise missiles.
If the cruise missiles were heavily weighted, the ejection-velocityi requirements would go up.

Fraqment Shapes: The design choice was to use the maximum
warhead-case-thicknesses consistent with the above ejection-

velocity guidelines, because thick cases can generate "chunky"
frigments that are shaped best to survive target impacts and to
penetrate fuel.

I Fragment Alloys: It was determined in the vulnerability testing
that mild-steel fragments deform at anticipated warhead shroud and
target impact conditions, and that properly heat-treated, alloy-
steel fragments would better survive these impacts as demonstrated
in the tests reported in Appendix 2. The preliminary warhead designs
all utilized alloy steels, as discussed in the "results" section.

Warhead Style: Two separate warhead-styles were included in the
preliminary designs. The first style used pre-formed, hexagonal,
HIBAL fragments laid inside an outer skin. The second style used
a solid case, scored inside and out with "opposed-grooves' to pro-
duce "fireformed fragments" of a controlled shape and size. The
preformed fragments have adequate fuel cell penetration capability,
as demonstrated in liquid drag tests. The solid-case design
associated with the fireformed fragments has some potential advan-
tages. For example, the elimination of a need for inner and outer
skins associated with preformed fragment cases permits firefonmed
fragments to be thicker, therefore to have smaller surface dimensions
to give the same weight fragment, thus providing a more compact
fragment and a better fuel penetrator. Opposed grooves were used
because existing Pearson-type grooving technology or liner technology
does not produce fragments that have good drag characteristics due
to the fragments shape and roughness. Opposed grooves showed feasi-
bility for achieving fireformed fragments having acceptable drag
characteristics. At this point in HIBAL, both styles are considered
to be design candidates.

Preliminary Designs: The design guidelines recommended after the
January 1980 HIBAL Program Review resulted in four warhead configur-
ations being defined for full-scale characterization and engineer-
ing tests:

A. Solid 80-lb with 500-grain (fireformed) and 700-grain
(pre- and fireformed) fragments.

B. Solid 135-lb with 700-grain (pre- and firefomed) and
900-grain (fireformed) fragments.

C. Solid 200-lb with 700-grain (pre- and firefonned) and
900-grain (fireformed) fragments.

0. Annular 200-lb with 700-grain (pre- and fireformed) and
900-grain (fireformed) fragments.

L
PAGE 2I
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The devices actually designed and tested differed somewhat from the
above recommendations in that all three fragment sizes (500-, 700- and
900-grain) were included in all four warhead sizes. This was possible
because of the large amount of data surface available in all the warhead
sizes, and was deemed desirable because it would provide models of allthree fragment sizes for each of the four warheads in the second-phase

end-game analysis.

1.3 OBJECTIVES

The basic objectives of the test program included:

1. Generation of data on fragment polar ejection-angles,
velocities, shapes, and weights for each of the preliminary
warhead designs.

2. Utilization of the generated data to:

A. Recommend any warhead design alterations which may be re-
quired (for example, if a particular shroud configuration
shattered the fragments, a design alteration would be
required).

B. Formulate warhead characterization models to be used
in the second phase end game analysis.

1.4 APPROACH

1.4.1 WARHEAD DESIGNS

1.4.1.1 PREFORMED FRAGMENT WARHEADS

Warhead case thickness and length dimensions for the various warhead
diameter choices were guided by the weight limitations and by the velocity
constraints imposed, using the prediction methodology presented in Appendix
3. Only an outside skin was used, with hoops provided at each end to pro-
vide rigidity. The inside skin that would be required in a final warhead
design was not considered necessary at this level of the testing effort,
because the structural strength was not needed, and the effect of the thin
skin (0.010-inch thick) on performance was deemed negligible. The fragment,
were arranged on the inside of the skin and potted in laminac. Hand-packed
C-4 explosive was used in all the tests.

PAGE 3
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1.4.1.2 FIREFORMED FRAGMENT WARHEADS

Warhead case thickness and length dimensions for the various warhead
diameter choices were guided by the weight limitations and by the velocity
constraints imposed, using the prediction methodology presented in Appendix
III. The approach used to design the opposed-grooves was to use the
shallowest grooves which would fireforn fragments of the desired shape and
weight. Shallow grooves would leave the warhead case strongest, would
remove the least metal and would permit faster and easier fabrication of

I the warhead case. Hand-packed C-4 explosive was used in all the tests.
See section 2.1.1 for definitions of the terms used in discussing fire-
formed warheads, and also see Figure 1.

~j I
1.4.2 TESTING

IWitness sheets were used to record fragment hit locations for the
measurement of polar ejection angles and to measure fragment velocities
using high-speed cameras. Celotex was used to recover fragments so as toj measure fragment weights and to provide a record of the fragment shapes
attained.

Prior to testing the first fireformed warhead a series of mat tests
were made to generate some design data for the opposed groove technique.
The mat tests were much cheaper and faster than tests of full scale
warheads would have been. The design of the first warhead was based on
the results of these mat tests.

2.0 RESULTS

2.1 DETAILED WARHEAD TEST RESULTS
I

2.1.1 SUMMARY OF WARHEAD TEST CONDITIONS, EXPLANATION OF PAGE NUMBERING1SYSTEM, AND DEFINITIONS OF TERMS USED IN RESULTS

Table 2.1.1, presents a summary of the physical characteristics of
the warheads in each of the tests. The tests are presented in chronolo-
gical order, which is the sequence shown in Table 2.1.1. The page numbers
and figure numbers used in this section are tied to the NMT test number.
For example, the first test conducted in the series was NMT test number
QN0225AO. Therefore the page numbers and figure numbers associated with
this test are prefaced by 225- (i.e., 225-1, 225-2, etc.). The follow-
ing pages and figures are numbered similarly.

PAGE 4!
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Definitions of certain terms used in the discussion of the designs
of fireformed warheads are presented below. Refer to Figure 1.

1. Longitudinal Grooves

Grooves parallel to the warhead axis.

I 2. Circumferential Grooves

I Grooves perpendicular to the warhead axis.

3. Inside Grooves

Grooves on the inside of the warhead case.

4. Outside Grooves

I Grooves on the outside of the warhead case.

5. Groove Angle

Interior (apex) angle of the groove.

6. Longitudinal-Groove Spacing

Circumferential distance between the longitudinal grooves.

1 7. Circumferential-Groove Spacing

Longitudinal distance between the circumferential grooves.

8. Metal Remaining Between Grooves

The thickness of metal remaining between the apexes of the
inside and outside, opposed grooves.

In all tests, the warhead case was of heat treated alloy, and
Table 2.1.2 summarizes the heat-treatment procedures.

Appendix III presents the methodology used to predict fragment
ejection velocities and polar angles.

1

I

I
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TABLE 2.1.2

SUMMARY OF HEAT TREATMENT PROCEDURES
USED IN EACH OF THE WARHEAD TESTS

TEST WARHEAD HEAT TREATMENT PROCEDURE MEASURED
NO. CASE RC

MATERIAL HARDNESS

QN0225AO 4130 Quenched from 1575 degrees in 43
water, tempered at 800 degrees

QNO311AO 4140 Quenched from 1550 degrees in 40-42 !
oil, tempered at 800 degrees

QNO319AO 4130 Quenched from 1575 degrees in 42
water, tempered at 800 degrees 4I

QN0328AO 4140 Quenched from 1550 degrees in 37-42
oil, tempered at 800 degrees

QNO409AO 4130 Quenched from 1575 degrees in 42
oil, tempered at 800 degrees

QN0429AO 4140 Quenched from 1550 degrees in 37-42
(Fireformed) oil, tempered at 800 degrees

4130 Quenched from 1575 degrees in 44-47
(Preformed) oil, tempered at 800 degrees

QNO514AO SSS-100 Quenched from 1650 degrees in 42
(Fireformed) oil, tempered at 800 degrees

HY-BO Quenched from 1640 degrees in 40-43
(Fireformed) oil, tempered at 800 degrees

4130 Quenched from 1575 degrees in 40-42
(Preformed) oil, tempered at 800 degrees

NOTE: All temperatures refer to the Fahrenheit scale.

PAGE 6
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I2.1.2 TEST 1, ON0225AO

2.1.2.1 DESIGN SUMMARY AND RATIONALE

*The basic design characteristics of the warhead (Figure 225-1) fired
in Test 1 were:

OUTSIDE DIAMETER: 8-inch
INSIDE DIAMETER: 2-inch
LENGTH: 15-inch
CASE THICKNESS: 0.438-inch
CASE MATERIAL: SAE 4130 (RC-42)
FRAGMENT TYPE: FIREFORMED
WARHEAD WEIGHT: 80-lb
SHROUD: 0.050-inch titanium, with 1-inch

urethane foam insulation

The 2-inch inside diameter was used because it is a typical cavity-
size (for safe-and-arm requirements) in warheads of this size-range.
The case thickness and length combination was designed to provide frag-
ment velocities between 5000 and 5500-ft/sec (after passing through the
missile shroud) and, also, to maintain the 80-lb weight limitation. SAE
4130 alloy was used for the fragment case based on the design guidelines
generated by the results of the mat tests (presented in Appendix-I).
The shroud design, Figure 225-2, was based on information provided by
missile manufacturers.

The fragment case was grooved circumferentially to provide for 15
rows of equal-length fragments, each 0.933 -inch long (i.e. 0.933-inch
spacing between grooves). The spacing between longitudinal grooves was
varied to determine if the spacing significantly affected fragment qual-
ity. The spacings tested were 0.75-, 0.875-, 1.0- and 1.25-inch. (NOTE:
The weight of the fragments, if ejected with no loss of weight during the

fireforming process, would be 550-, 640-, 740- and 840-grains, for the
respective spacings. These weights were designed to be on the heavy side
with the expectation that fireforming losses would bring the fragments
down to their appropriate nominal weights.

The interior angle of all the grooves in this warhead (and all the
following warheads) was 37°. This angle was used because the attempt to
machine smaller angles resulted in excessive shaper-tool breakage (and
in significantly increased fabrication time).

From the mat firings (Appendix 1) for this warhead case-thickness,
the depth of the longitudinal grooves should be about 0.095-inch deep
(inside and outside, or a total depth of 0.19-inch) and, near the booster-
end, the depths of the circumferential grooves should be 0.095-inch
(inside and outside, or a total depth of 0.19-inch) and, near the non-
booster-end 0.130-inch (inside and outside, or a total depth of 0.26-inch).
Variations around the above groove depths were made in this test device,
to increase the likelihood of encompassing groove depths that would pro-
duce good results.

PAGE 225-1i
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The longitudinal groove depths were:

1 METAL REMAINING
INSIDE GROOVE OUTSIDE GROOVE BETWEEN GROOVES
DEPTH (inch) DEPTH (inch) (inch)

0 .090 0.060 0. 285

0.090 0.090 0.258

0.100 0.080 0.258
0.110 0.080 0.248
0.100 0.100 0.238
0.110 0.110 0.218
0.120 0.120 0.198

The circumferential grooves were of variable depth around the cir-
cumference of the warhead but, at a given circumferential location, the
inside-groove depth equalled the outside-groove depth.

MAXIMUM MINIMUM
METAL METAL

REMAINING REMAINING
MINIMUM BETWEEN MAXIMUM BETWEEN

GROOVE GROOVE DEPTH GROOVES GROOVE DEPTH GROOVES
NUMBER (inch) (inch) (inch) (inch)

1, 2, 3, 4, 0.080 0.278 0.125 0.188
(booster end)
5, 6, 7, 8 0.090 0.258 0.135 0.168
9, 10, 11, 12 0.100 0.238 0.145 0.148
13, 14, 15, 16 0.110 0.218 0.155 0.128

Note (in Figure 225-1) that the location of deepest longitudinal grooves
corresponded (approximately) to the location of the deepest circumferen-
tial grooves, and the location of the shallowest longitudinal grooves
corresponded to the location of the shallowest circumferential grooves.

2.1.2.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The objectives of this test included recovering a sample of fragments
from each opposed-groove design-choice, and characterizing
the warhead fragment-pattern in terms of fragment polar-ejection angle
and of fragment velocity. Celotex was used to recover the fragments, and
steel witness sheets were used to record fragment pattern and as flash
screens for velocity measurements. A plan view of the test arena is shown
in Figure 225-7, and photographs of the arena are shown in Figures 225-12
and 225-13.

LP 2-
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2.1.2.3 DESCRIPTION OF TEST RESULTS

A. Fragment Ouality

Judgement of the success or failure of each opposed-groove design
is based on two factors, the shape of the fragment and the weiqht of the
fragment. The shape of the fragment is important because, if not correct,
fragment individual weights vary and fragment survivability during im1, act
with the target is decreased.

1. Longitudinal Grooves

The quality of the fragment breakout along the longitudinal grooves
is given in relative terms, in the table below. The tern "borrowed" means
that the fragments did not breakout properly, some fragments having so:me
of the steel attached to then that should have remained with neighboring
fragments.

INSIDE OUTSIDE METAL REMAINING
DEPTH DEPTH BETWEEN GROOVES* BREAKOUT QUALITY
inch (inch) _ inch)

0.090 0.060 0.288 Poor - all fragments "borrowed"
0.090 0.090 0.258 Poor - almost all fragmients "borrowed"
0.100 0.080 0.258 Poor - almost all fragments "borrowed"
0.110 0.080 0.248 Fair - 50% of fragments "borrowed"
0.100 0.100 0.238 Good - 20% of fragments "borrowed"
0.110 0.110 0.218 Very Good - 10% of fragments "borrowed"
0.120 0.120 0.198 Excellent - no fragment borrowing

Fragments of the desired quality are illustrated in Figure 225-4, and the
poorest-quality fragments are illustrated in Figure 225-5.

* The metal remaining between groove apexes was not shown to be a

significant parameter until much of the test program was canpleted.
Results are presented in terms of this parameter, to explain why certain
groove designs work, and others do not.

PAGE 225-3
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2. Circumferential Grooves

The fragment breakout along the circumferential gronves was xcel !nt,
except for two minor faults. These were, (1) occasional fragment doubles or
lengthwise pairings occurred (Figure 225-5) and, (2) when the internal
circumferential grooves exceeded 0.120-inch depth (Figure 225-6), tile non-
booster-e d inside corners of tile fragment broke off.

I CIRCUMSTANCES WHERE FRAGMENT DOUBLES OCCURRED

METAL RLIAi I G
FRAGMENT FRAGMENT INSIDE GROOVE OUTSIDE GROOVE BETWEEN GRO)V[S*

ROW DOUBLES DEPTH (inch) DEPTH (inch) (inch)

1, 2 NONE

3, 4 YES 0.118 0.118 0.202
5, 6, 7, 8 YES 0.113 0.113 0.212
9, 10, 11, 12 YES 0.100 0.110 0.238
13, 14, 15, 16 NONE

Fragment weights are presented in two tables for each longitudinal groove
spacing, one which lists the fragments which could be identified by row
origin, and one which lists all recovered fragments. The tables are
located on pages 225-20 through 225-25.

B. Fragment Pattern and Velocity

Fragment patterns from the witness sheets are plotted in Figuresj 225-8 and 225-9. Photos of the witness sheets appear in Figures 225-14
and 225-15. Coordinates of the fragment hit-locations are presented in
Figure 225-10. The fragment velocity and polar-ejection-angle charac-
terization are summarized in Figure 225-11.

C. Conclusions

There is no need for further 8-inch diameter, 80-lb, firefonied
warhead tests. The recovered fragment shapes and weights were satisfactory,
and the pattern and velocity data were adequate to fonulate warhead char-
acterization models for the second phase end-game analysis.

l
1
1
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1 .050" TITANIUM (10-1/2" O.D.)
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QN0225AOI

RESULTING
4-FRAGMENT

SHAPE

FRACTURE LINE

LONGITUDINAL GROOVE

H.E. SIDE

FRAGMENT SHAPE RESULTING WHEN THE METAL REMAINING BETWEEN

LONGITUDINAL INSIDE AND OUTSIDE GROOVES IS BETWEEN 0.200" AND 0.240'

EXAMPLE FRAGMENTS FROM TEST QN0225A0
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-METAL REMAINING
*K BETWEEN CIRCUMFERENTIAL

3OUTSIDE VIEW OF FRAGMENTS............. GROOVES WAS TOO THICK
AS ILLUSTRATED BY

I FRAGMENT LENGTHWISE

PAIRIN
II

INCHES

QN0225A0

RESULT ING
FRAGMENT
SHAPE

15

FRAC URE .E. SIDE

LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING WHEN METAL REMAINING

BETWEEN INSIDE AND OUTSID)E LONGITUDINAL GROOVES WAS 0.2,90" OR MORE

EXAMPLE FRAGMENTS FROM TEST QN0225AO
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INCHES

QN0225AO
i I

Ii

EXPLOSIVEL SWEEP

i 0 1 2RCUELN

DIRECTION
FRACTURE LINE

INSIDE CASE

ILLUSTRATION SHOWING THE FRACTURE WHICH OCCURRED WHEN THE
INSIDE CIRCUMFERENTIAL GROOVES EXCEEDED 0,120" DEPTH

EXAIPLE FRAGMENTS FROM TEST ON0225AO
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NUMBERS INDICATE WHICH ROW THE

40 FRAGMENT ORIGINATED FROM

DENOTED FRAGMENTS PAIRED TOGETHER
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20*
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-40 15

FRAGMENT PATTERN ON WITNESS SHEET "A"

AS VIEWED FROM EXIT SIDE

TEST ONO225AO
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NUMBERS INDICATE WHICH ROW THE
FRAGMENT ORIGINATED FROM

3 e~DENOTES FRAGMENTS PAIRED TOGETHER

40

L#)

20 2

TOP OF WARHEAD

20 40 60 INCHES,

I .4

-20 * 6*1

1215 11

115 14 13

-4

FRAGMENT PATTERN ON WITNESS SHEET "C" AS

VIEWED FROM FRAGMENT EXIT SIDE

j TEST QN0225A0
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TEST QN0225Ao

COORDINATES* OF FRAGMENT HIT LOCATIONS (INCHES) ON THE
WITNESS SHEETS AT 15-FT RADIUS

FRAGMENT WITNESS SHEET WITNESS SHEET V
ROW "A" "C""

NUMBER COLUMN 1 COLUMN 2 COLUMN 1 COLUMN 2
HORIZ. VERT. HORIZ. VERT. HORIZ. VERT. HORIZ. VERT.

1 59 +28 - - 43 +22 - -

2 35 +15 63 - 6 46 +21 - -

3 30 - 5 63 - 6 39 - 7** - -

4 26 - 8** 68 - 7 39 - 6** - -

5 26 - 9** 59 -15 35 -16 72 -16
6 29 -13 55 -21 32 -19 67 -23
7 25 -21 54 -23 30 -22 60 -24
8 20 -22 55 -28 28 -25 63 -26
9 20 -26 48 -24 26 -27 60 -28
10 17 -27 49 -26 22 -28 58 -30
11 13 -29 48 -31 21 -30 54 -31
12 12 -33 49 -33 16 -31 52 -33
13 10 -33 42 -31 15 -33 50 -32
14 9 -33 41 -35 10 -32 49 -31
15 6 -37 34 -31 6 -31 43 -28

* Vertical measurements are measured from the top of the warhead

aimline; horizontal measurements are measured from the left hand
side of the witness sheet as viewed from the fragment exit side.

** Fragments paired together.

PAGE 225-14 FIGURE 225-10



AVERAGE POLAR
VELOCITY EJECTION
(0-15 FT) ANGLE
FT/SEC (DEGREES)

-~4500 +8.50

4300 +4.10

530

__________ 48500 -1.00

5300 -1.90

5300 -4.20

5300 -5.60

01

550 -6.3



ITEST: Q02A

VIEW OF WARHEAD IN PLACE IN TEST
ARENA WITH SHROUD REMOVED

Ar~r-WARHEAD IN TEST ARENA WITH
0. SHROUD INSTALLED
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I TEST: ON0225A0

VIEWS OF THE TEST ARENA BEFORE DETONATION

QNO225AO

*fil
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TEST: QN0225A0

~ ..hWITNESS SHEET "C" BEFORE TEST;

x. 
A~

WITES WITNESSATE TST
SEXIT SIDE; 15' RADIUS
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2.1.3 TEST 2, QNO311AO

I
2.1.3.1 DESIGN SUMMARY AND RATIONALE

The 13sic design characteristics of the warhead (Figure 311-I) in
this test were:

OUTSIDE DIAMETER: 11.5-inch
INSIDE DIAMETER: 2.875-inch
LENGTH: 14.0-inch
CASE THICKNESS: 0.5-inch
CASE MATERIAL: SAE 4140, (RC40-42)
FRAGMENT TYPE: Fi reformed
WEIGHT: 135-lb
SHROUD: Double walled steel, 0.020-inch inside,

0.030-inch steel outside, with 1-inch
urethane foam between warhead and shroud

The 2.875-inch-inside diameter is a typical cavity size for safe-
and-anni devices in warheads of this size. The length and case-thickness
combination was designed to provide for fragment velocities between 5000-
and 5500-ft/sec, after passing through the missile shroud. SAE 4140 case-
material was used because the design-choice of SAE 4130 tubing could not
be found in this size. The warhead was designed to generate 15 rows of
equal-length fragments (0.867-inch long). The ends of the warhead were
tapered to reduce end effects on fragment pattern and velocity. Three

choices of spacing between the longitudinal grooves were tested (0.75-,
0.906-, and 1.188-inch inside-spacing). The theoretical weights of these
fragments (after grooving but with no loss due to fire-forming) are about
630-, 780-, and 1010-grains, respectively. The amount of weight in
excess of the nominal values of 500, 700, was expected to be lost during
firing.

The first test, QM0225AO was a success in that excellent quality
fragments were generated. In this following test, however, the warhead
case was thicker (0.5-inch vs 0.438-inch). There were several design
approaches which were possible for the opposed grooves. Proper fireforming
of fragments could be dependent on:

1. The Iepths of the inside and outside grooves (or sum
of the depths).

2. The ratio of the depths of the grooves to the case
thickness.

3. The thickness of the metal remaining between the apexes
of the opposed grooves.

For this test, the decision was made to use approaches 1 and 2.

PAGE 311-1
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A. longitidinal Grooves

Opposed groove designs having depths of 0.100, 0.110, and 0.120-inch
(inside and outside) worked well in the previous test, so these designs
were repeated. In the event that the case thickness increase froin
0.438-inch to 0.5-inch is significant, (roove depths of 0.130-inch (inside
and outside) will be tested, which is approxiwately in t- sa:;ie ratio ot
groove depth to case thickness as the 0.120-inch grooves in the previ(,us
test. One relatively shallow opposed groove design (0.100-inch deep inf ide,
0.080-inch outside) was also tested to provide for the event that shallowier
grooves might he either required or sufficient. The longitudinal groove
designs are summarized in the table below.

METAL R[IIAI!1ING
INSIDE GROOVE OUTSIDE GROOVE BETWEEN GROOVLIS
DEPTH (inch) DEPTH (inch) (inch)

0.100 0.080 0.320
0.100 0.100 0.300
0.100 0.110 0.280
0.120 0.120 0.260
0.130 0.130 0.240

B. Circumferential Grooves

The fragments fron the rows nearest the booster end which were deemed
"best" in test 0N0225A0 resulted from opposed groove depths of 0.100 to
0.110-inch deep. The average value of these depths was increcised by the
ratio of 0.5-inch case thickness to 0.438-inch case thickness for this

test (i.e. 0.105" x 0.5 = 0.120"). The depths of the four grooves0.438

nearest the booster end were then varied ±0.020-inch about this value.

The same procedure was followed for the renaining (non-booster end)
grooves: The "best" non-booster end fragments from 225 were generated

A_0_5-fran groove depths of 0.123 to 0.133-inch, thus, 0.128 x 0.438 = O.146-inch.

Groove depths were then varied from 0.130 to 0.160-inch. The groove designs
are summarized in the table below.

PAGE 311-2
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-, The circumferential grooves are numbered sequentially, starting with
the groove nearest the booster end.

SMAXIfMUM -MI NIMUI
METAL METAL

REMAINING REMAI NI NGMI N IMUM BETWEEN MAX IMUH BETWEENGROOVE GROOVE DEPTH GROOVES GROOVE DEPTH GROOV[S

! NUMBER (inch) (inch) (inch) (inch)

1 0.160 0.180 0.160 0.180
2 through 5 0.100 0.300 0.140 0.220t
6 through 15 0.130 0.240 0.160 0.180

16 0.160 0.180 0.160 0.180

2.1.3.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The objective of the test was to recover a sample of each groove-
design choice, and to measure fragment ejection angles and fragment
velocities. The test arena (Figure 311-7) consisted of seven celotex
packs and six steel witness sheets. Photographs of the test arend are
presented in Figures 311-11 and 311-12. Fastax cameras were used to
measure fragment velocities.

2.1.3.3 DESCRIPTION OF TEST RESULTS

A. Fragment Quality

1. Longitudinal Grooving

The longitudinal-groove breakout-quality was a function of the metji
remaining between the apexes of the opposed (Irooves.* 'When the metal
ranaining was 0.240-inch, the desired frayment quality was achieved
(Figure 311-3). For metal remaining values between 0.240-inch and O.2u0-
inch, borrowing occurred (Figure 311-4); for metal thicknesses greater
than 0.280-inch, partials occurred (Figure 311-5).

2. Circumferential Grooving

I No fragment doubles occurred for fragment rows 1 and 2. Fragment
doubles were recovered for rows 3, 4, and 5 where the metal reiiailning
between apexes of the grooves was 0.240-inch or more. Fragment doubles
occurred for all choices of circumferential groove depth for fragment
rows 6 through 15.

* The designers did not recognize this until nuch later in the
I proqram.
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I _B. Fraqment Velocity and Pattern

Recause of the lengthwise pairing of fragments, the fragment polar-
ejection-anqles for this test are suspect. The coordinates of all the
fragrient hits are presented in Figure 311-8 and 311-9, with an estimate
as to which fragments were paired.

I The Fastax films yielded good time-of-arrival data, and fragment
velocities are presented in Figure 311-10. Photographs of the witnessJ sheets are presented in Figures 311-12 through 311-15.

C. CONCLUSIONS

1. The warhead design will have to be altered to achieve properf case breakout and achieve the desired fragment sizes and shapes. k
2. The "best" fragments resulted for the following opposed grooveI designs:

LONGITUDINAL GROOVES: 0.100-inch deep (inside and out) for
rows 2 through 7.
0.130-inch deep (inside and out) for
rows 8 through 15.

CIRCUMFERENTIAL GROOVES: 0.130-inch deep (inside and outside)
for rows 2 through 5.
0.158-inch deep (inside and outside)
for rows 6 through 15.

IiI
1I

III
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18" O.D. x.030" STEE 14" 0.0. x.020" STEEL 1" URETHANE FOAM

15"1

SHROUD FOR 11-1/2"1 O.D., 135-LB WARHEAD

TEST QN0311AO
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QN031 1lAO

RESULTING
FRAGMENT
SHAPE

FRACTURE LINE

i LONGITUDINAL GROOVE

H.E. SIDE

FRAGMENT SHAPE RESULTING WHEN THE METAL REMAINING BETWEEN
LONGITUDINAL INSIDE AND OUTSIDE GROOVES IS BETWEEN 0.200" AND 0.240"

EXAMPLE FRAGiENTS FROM TEST QNO311AO
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BETWEEN.,lf m  "I CIRCUMFERENTIAL

GROOVES WAS TOO THICK,, "-- "I
AS ILLUSTRATED BY

FRAGMENT LENGTHWISE/
PAIRING

INCHES

ON031 1AO

FRAGMENT
SHAPE

FRACTURE

LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING WHEN THE METAL REMAINING BETWEEn!jll I I:,ID[ AID OUTSIDE LOiTUDINfAL CROOVES WAS 0.240" THROUGH 0.260"

[ EXAMiPLE FRAGNENTS FROM TEST QNO311AO
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TOTAL METAL REMAINING'." w 'Mr/ BETWEEN ' CIRCUMFERENTIAL

. GROOVES WAS TOO THICK AS
ILLUSTRATED BY FRAGMENT
LENGTHWISE PAIRING

AO 1
o I 2

RESULTING
FRAGMENT
SHAPE

', / " -

H.E. SIDE
FRACTURE

LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING WHEN METAL REMAINING

BETWEEN INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.280" OR MORE

EXAMPLE FRAGMENTS FROM TEST QNO311AO
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INCHES

QN031 1 AO

EXPL SIVE
SWEEP

IDIRECTION
/4---FRACTURE 

L INE

INSIDE CASE

ILLUJSTRATION~ SHOWING THE 
FRACTURE WHICH OCCRRDWENTE

INSIDE CIRCUMFERENTIAL 
GROOVES EXCEEDED 

0.120" DPT

EXAMI~E RAG~tIT FI~M TIST 0NCIAO
EXAMLE RAGMNTSFROMTES ONFiGURE 311-6
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II

TARGETS A, B, C, D, E, F, G = 4'x4'x8' CELOTEX PACKS
WITH 1/2" STEEL BACKPLATE

TARGETS 1, 3 = 2 EA. .105" STEEL PLATES 8'
HIGH SPACED 3" APART

TARGETS 2, 4, 5 = 1 EA. .105" STEEL PLATE
4' WIDE, 8' HIGH

TARGET 6 = 4'x'6'xl/2" MILD STEEL

2 EA. FASTAX,
I SPLIT FRAME,
I'FULL FRAME

1

.6

15' 
15'

20' 8.5' 15'

B

215'm

2 15'..WARHEAD

/515'
C 20' I

15'/ E

2 EA. FASTAX
I SPLIT FRAME
1 FULL FRAME

ARENA FOR
TEST ONO311AO

11-1/2-INCH O.D., 135-LB FIREFORMED WARHEAD

PAGE 311-11 FIGURE 311-7
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I'
I FRAGMENT FRAGMENT

ROW VELOCITY

1 4800

2 5200

3 5500

4 5500

5 5500

6 5500

5500

8 5500

9 5500

5500

5500

12 5500

5500

5200

5200

FRAGMENT VELOCITY CHARACTERIZATION
L BASED ON TEST QNO311AO DATA

PAGE 311-14 FIGURE 311-10
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TEST: QNO311AO

II

• iI

VIEW OF WARHEAD IN THE TEST
! ARENA WITH THE SHROUD REMOVED

" * '

TEST ARENA BEFORE DETONATION SHOWING THE
WARHEAD WITH THE SHROUD IN PLACE

, .+ ,... .

IT " PAGE 311-15 FIGURE 311-11 '



TEST: QN0311AO

IWIESS SHEE #1 AFTER TET2-RAIS

ENR SD

PAGE311-6 FIURL 11-1



TEST: QNO31iAO

WITNESS SHEET #2 AFTER TEST;
- 15' RADIUS; ENTRY SIDE

WITNESS SHEET #4 AFTER TEST;
15' RADIUS; ENTRY SIDE

[PAGE 311-17 FIGURE 311-13



TEST: QNO3I1AO

I

WITNESS SHEET #5 AFTER TEST;1" 15' RADIUS; ENTRY SIDE

1/2" STEEL WITNESS SHEET AFTER
TEST; 8'6" RADIUS; ENTRY SIDE

I~

PAGE 311-18 FIGURE 311-14
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TEST: QN0311AO

WINS SHE 3ATRTS;2KRDU;ETYSD

L
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I 2.1.4 TEST 3, QNO319AO

Il
2.1.4.1 DESIGN SUMMARY AND RATIONALE

The basic design characteristics o'r the warhead (Figures 319-1 and
319-2) were:

OUTSIDE DIAMETER: 8.0-inch
INSIDE DIAMETER: 2.0-inch
LENGTH: 15.2-inch
CASE THICKNESS: 0.445-inch
FRAGHENT TYPE: Pre-fonued Hex HIBAL
FRAGMENT THICKNESS: 0.420-inch
SKIN THICKNESS: 0.025-inch
FRAGMIENT MATERIAL: SAE 4130, (RC-42)
SKIN MATERIAL: Mild Steel
WARHEAD WEIGHT: 80-lb
SHROUD: 0.050-inch titanium with 1-inch urethane

foam insulation

Three choices of preforned hex-HIIBAL fragments were used; 7/8-inch
across flats by 0.42-inch thick (500-grains), 1-inch across flats by K
0.42-inch thick (700-grains) and 1-1/8-inch across flats by 0.42-inch
thick (900-grains). The case thickness/length combination was designed
to achieve fragment velocities of 5000-, 5500-ft/sec after passing throuh
the shroud. Only an outside skin (0.025-inch steel) was used, and 7/10"'
x 1/2" hoops at each end provided for rigidity. The fragments were pottend
in laminac. The shroud (Figure 319-3) is the same design as for the 8-inch
firefomed-fragment warhead.

2.1.4.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENAS

The objectives of the test were to measure fragment velocities and
polar ejection angles, and to recover the hex-HiBAL fragments, for
determining the detonation arid/or the shroud effects on the resulting
fraqrient quality. The test arena plan is in Figure 319-6 and photographs
of the test arena, are in Figures 319-12 and 319-13.

2.1.4.3 nESCRIPTION OF TEST RESULTS

A. Fragment Quality

The recovered fraqr;ents exhibited minor deformation resulting fr(x:
the detonation-wave sweep, but showed no loss in weight (Figure 319-1).

IPAGE 319-1



B. Fragment Pattern and Velocity

c The fragment polar-ejection-angle, as a function of the frayment
center-of- length distance fron the booster end of tihe warhead, is pre-

sented in Figure 319-7. A summary table of the fragimient polar-ejection-
angles and velocities is presented in Figure 319-8. Fragyle nt-hit-

"easureients are presented Figures 319-9 through 319-11.
Photographs of the fragment pattern on the witness sheets are presentedin Figures 319-14 and 319-15.

I I-
C. Conclusions

There is no need for further 8-inch diameter, 80-lb prefoniied fray-
ment warhead tests. The recovered fragments were satisfactory in teros of
fragment shape and weight, and the pattern and velocity data were adequite
to formulate warhead characterization models for the second phase end qui;;e
analysis.

PACE 19-1
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10.5" 0.0. x.050" TITANIUM

1" URETHANE FOAM

1611

SHROUD FOR 8" O.D., 80-LB WARHEAD

TEST QN0319A0

A
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ITEST: QN0319A9

VIEWS OF WARHEAD WITHOUT C-4
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"2 II-

INCHESQN03 19AO

TYPICAL 500 GRAIN HEX HIBAL FRAGMENTS RECOVERED

IN TEST QNO319AO

IL
PAGE 319-6 FIGURE 319-5
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TEST: QN031A9

I

8' HIGH, 9' LONG
.105" STEEL WITNESS

8' HIGH, 9' LONG
.105" STEEL WITNESS/

10 ' 
10'

8'

81 CELOTEX
(4' x 4' x 8' HIGH)

CELOTEX
(4' x 4' x 8' HIGH) WARHEAD

8'

CELOTEX
(4' x 4' x 8' HIGH) 20'

=--::: 12' HIGH x 18' LONG STEEL
WITNESS SHEETS, .105" STEEL
ON ENTRY, .25" STEEL ON EXIT,
SEPARATED BY 6 INCH AIRSPACE

ARENA FOR

TEST ON0319AO

2 EA GROUND LEVEL I-ASTAX CAMLRA, 1 SPLIT FRAME,

1 FULL FRAM.
PAGE 319-7 FIGURE 319-6
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TEST QN0319AO
i _SUMMARY OF POLAR EJECTION ANGLE AND VELOCITY RESULTS

FRAG. C.G. POLAR ANGLE (DEGREES) POLAR AVERAGE
FRAGMENT DIST.* FROM ANGLE VELOCITY

ROW BOOSTER-END 500-GR 700-GR 900-GR SUMMARY (0-20')**

1 1.1 (5) +4.5 4.5 4210I 1 1.2 (7) +4.7 4.7
1 1.3 (9) +3.2 3.2
2 1.9 (5) +1.2 1.2 4670
2 2.1 (7) +1.2 1.2
2 2.2 (9) +0.4 0.4
3 2.7 (5) -0.2 -0.2 5000
3 2.9 (7) -0.7 -0.7
3 3.2 (9) -1.5 -1.5
4 3.4 (5) -1.6 -1.6 5080
4 3.8 (7) -1.8 -1.8
4 4.2 (9) -2.5 -2.5
5 4.2 (5) -2.6 -2.6 5380
5 4.7 (7) -2.7 -2.7
6 4.9 (5) -3.2 -3.2 5400
5 5.2 (9) -3.6 -3.6
6 5.5 (7) -3.2 -3.2
7 5.7 (5) -3.6 -3.6 5470
6 6.2 (9) -3.6 -3.6
7 6.4 (7) -3.6 -3.6
8 6.4 (5) -4.0 -4.0 5490
7 7.1 (9) -4.4 -4.4
9 7.2 (5) -4.3 -4.3 5470
8 7.3 (7) -3.9 -3.9

10 8.0 (5) -4.7 -4.7 5580
9 8.1 (7) -4.2 -4.2
8 8.1 (9) -4.2 -4.2

11 8.7 (5) -4.9 -4.9 5660
10 9.0 (7) -4.3 -4.3
9 9.1 (9) -5.0 -5.0

12 9.5 (5) -4.9 -4,9 5630
11 9.9 (7) -4.7 -4.7
10 10.1 (9) -4.6 -4.6
13 10.2 (5) -5.4 -5.4 5690
12 10.7 (7) -5.4 -5.4
14 11.0 (5) -5.6 -5.6 5580
11 11.0 (9) -5.2 -5.2
13 11.6 (7) -5.2 -5.2
15 11.7 (5) -5.6 -5.6 5660
12 12.0 (9) -5.0 -5.0
16 12.5 (5) -5.6 -5.6 5490
14 12.5 (71 -5.7 -5.7
13 13.0 9 -5.7 -5.7
15 13.3 (7) -5.8 -5.8
17 13.3 (5) -7.3 -7.3 5570
14 13.9 (9) -4.8 -4.8
18 14.0 (5) -6.0 -6.0 5490
16 14.2 (7) -6.1 -6.1

• DISTANCE INCLUDES END PLATE AND THROW AWAY RING
VELOCITY RESULTS ARE FROM THE 500-gr DATA SECTOR, AND ARE
THE AVERAGE OF THREE FRAGMENT HITS FOR EACH FRAGMENT ROW

PAGE 319-9 FIGURE 319-8
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1*TEST: QN0319A9

WARHEAD IN PLACE IN TEST ARENA
WITH SHROUD REMOVED

m I

.404 WARHEAD IN PLACE IN TEST ARENA
WITH SHROUD INSTALLED
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TEST: 0N0319A9

VIEWS OF THE TEST ARENA BEFORE DETONATION
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TEST: QN0319A9

WITNESS SHEET AFTER TEST; 700gr FRAGMENTS;
ENTRY SIDE; 10' RADIUS

WITNESS SHEET AFTER TEST; 900gr FRAGMENTS;
ENTRY SIDE; 10' RADIUS

PAGE 319-15 FIGURE 319-14 p



I TEST: QNO319A9

I .

!

LL

ITNESS SHEET AFERTSTj00rFRGENS
ENR SID; 2' RDIU

~;

.t. "



I
I!

I
I

I
TEST 0NO328AO0

i 1.1.5", 200-LB FIREFORMED FRAGMENT WARHEAD

I

I
I

Ii
i

4'

I
Il 

"



2.1.5 TEST 4, QN0328AO

2.1.5.1 DESIGN SIXINARY AND RATIONALE

The basic design characteristics of the warhead (Figures 328-1 arid
328-2) were:

OUTSIDE DIAMETER: 11.5-inch
INSIDE DIAMETER: 2.875-inch
LENGTH: 18.375-inch
CASE THICKNESS: 0.563-inch
CASE MiATERIAL: SAE 4140, (RC37-42)
FRAGMENT TYPE: Fi reformed
WARHEAD WEIGHT: 200-lb
SHROUD: Double walled steel, 0.020-inch inside,

0.030" outside, plus 1-inch urethane
foam insulation between warhead and shroud

The fragment case was grooved circumferentially to provide 19 rows
of equal length fragments, each 0.888-inch long. The spacing betteen the
longitudinal grooves was varied to determine if the spacing significantly
affected fragrnt quality. The (external) spacings tested were 0.675-,
0.866- and 1.108-inch. The fragment weights for these spacings would he
600-, 770-, and 990-grains respectively (with no loss in the firefonmijng).
The shroud (Figure 328-3) tested was identical to that of the previous
11-1/2-i nch-di ameter warhead.

The "best" opposed groove designs frui test Q!N031AO indicated that
shallower qroove depths were required for fragments locdted near the
booster end of the warhead, than for fragmcnts located near the noi-booster
end. This was true for both longitudinal and circunfur'.ntial grooves.

A. Longitudinal Grooves

The longitudinal grooves were tapered in depth, frw one end of ti,e
warhead to the other. The tapering of the longitudinal grooves was ted
on the depths of the "best" opposed groove design, frmi test O,31lAO,
and ratioed to account for the increase in case thicknes!. from 0.5 to
0.5625-inch. Calculations are presented below:

For Booster End:

use same ratio as in 0.100-inch deep grooves of QNO311AO.

00 0,5625 x = 0.225 total depth, or 0.113-inch deep

inside 
and outside]

PAGE 328-1
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For Non-Booster End:

use same ratio as in 0.130-inch deep grooves of QNO311AO.

0 .260 x[0.?0 - x = 0.293-inch total depth, or 0.146-inch
R-5766 0.76625'
inside and outside]

The longitudinal grooves were tapered in two styles; one with the
inside and outside grooves symmetrical, and one with only the outside
groove tapered in depth, the inside groove renaining a constant depth.
See figure 328-2.

B. Circumferential Grooves

The circumferential grooves were uniformly increased in depth, fraoi
the booster end of the warhead. The "best" circumferential groove depths
fron test oti311AO were used as a basis, the depths being increased by
the ratio of the case thicknesses. Calculations are presented below:

For Booster End:

use same ratio as in 0.100-inch deep grooves of QNO311AO,
0.260 x

for first 7 rows. [0:500 - 0.5625; x = 0.2925-inch

total depth, or 0.146-inch inside and outside]; for rows

8, 9, 10 ' 0 0.5625' x = 0.3375-inch total depth, or

0.169-inch inside and outsid

For Non-Booster End:

grooves calculate same ratio as in 0.130-inch deep grooves

of 0N0311A0. x = 0.356-inch total depth,
or .17-inh 0 .500  0.5625'ue01-ic

or O.178-inch deep inside and outside1 ; use O.190-inch
because of 18-inch length instead of the 15-inch length in
QNO311AO.

C. Booster-End Fragments

The first row of fragments on the booster end of the warhead were
tapered, in an attmipt to stop the fragment scabbing problems which
occurred in the previous test. The fragments were therefore made
somewhat longer to compensate for the weight lost in tapering.

L
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2.1.5.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The test objectives were to recover a sample of fragments fronl each
of the parametric choices in groove design, and to ieasure i ragment p loi -
ejection-anqlies and velocities. The test arena details are sho.wn in

Figure 328-8. Photographs of the test arena are shown in Figure 328-11.I
2.1.5.3 DESCRIPTION OF TEST RESULTS

A. Fragment Quality

1. Longitudinal Grooves

The longitudinal grooves were of inadequate depth, and the results
(of poor-quality fragments) typified by too much metal relliiring between
the apexes of the inside and outside grooves occurred in this test, in-
cluding a significant amount of scabbing of the fragment. Figure 328-34
shows examples of the fragments having the deepest longitudinal grooves
(i.e. the thinnest metal remaining between opposed grooves).

2. Circumferential Grooves

Numerous fragment lengthwise pairs were recovered, indicating that the
total metal remaining between the apexes of the inside and outside cir-
cumferential grooves was too thick. Where the inside grooves exceeded
0.120-inch depth the non-booster-end inside-corners broke off as illustrated
in Figure 328-11.

B. Fragmen9 : t Velocty and Polarc-Angle Characterization o

The ieasurements of the fragment-hit locations are presented on

pages 328-11 and 328-12, but polar-ejection-angles and detailed fragment
velocities are not presented because the fragment lengthwise pairings
and fragment scabs make identification of the primary fragiments
difficult. The velocities of the fragments ranged from 5700-ft/sec at
the center-of-length of the warhead to 4900-ft/sec at the ends of the
warhead.

C. Conclusions

1. The warhead design will have to be altered to achieve proper
firefoming of fragments.

2. Change the design approach to consider metal reiiaining between
the apexes of the opposed-grooves.

PAGE 328-2a
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18" O.D. x.030" STEEL 14" 0.0. x.020" STEEL 1" URETHANE FOAM

SHROUD FOR 11-1/2"1 0.D. 200-LB WARHEAD

TEST ON0328A0

0PACE 328-5 FIGURE 328,-3



TEST: QN0328A0

I0

I [A

I WARHEAD ON LATHE DURING MANUFACTURE

20 .I COMPLETED UNLOADED WARHEAD

1 FIE FOMEDSHOWING EXTERIOR GROOVING

tuBAL WARHEAD,

I -- 3-28-80:

PAGE 328-6 FIGURE 328-4



ITEST: ON0328A0

NMIL

WARHEAD BEFORE BEING LOADED WITH EXPLOSIVE
SHOWING INTERIOR GROOVING

14~

PAGE 328-7 FIGURE 328-5



TOTAL METAL REMAINING
BETWAEEN
CIRCUMFERENTIAL L
GROOVES WAS TOO THICK,
AS ILLUSTRATED BY .
FRAGMENT LENGTHWISE
PAIRING

' -, -

o 1 1
INCHES

QN0328AO

RESULTING
FRAGMENT
SHAPE

FRACTURE

LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING WHEN THE METAL REMAINING BETWEENL INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.240" THROUGH 0.260"

EXAMPLE FRAGMENTS FROM TEST QN0328AO
PAGE 328-8 FIGURE 328-6



METAL REMAINING BEWE
CIRCUMFERENTIAL

GROOVES WAS TOU THICK,
AS ILLUSTRATED BYFRAGMENT LENGTHWISE

1 PAIRING

1 2
INCHES

0N0328AO

EXPLOSIVE
, SWEEP
,! DIRECTION
/4- FRACTURE LINE

INSIDE CASE

I.
ILLUSTRATION SHOWING THE FRACTURE WHICH OCCURRED WHEN THE

11SIDE CIRCUMFERENTIAL GROOVES EXCEEDED 0.120" DEPTH

EXAMPLE FRAGIIENTS FROM TEST ON0328AO

0PAGE 328-9 FIGURE 328-7



I 1 EA SPLIT FRAME FASTAX
2 EA FASTAX CAMERAS (GROUND LEVEL)

1 SPLIT FRAME, 1 FULL. FRAME

6' x 12' HIGH
.105" STEEL

~ WITNESS PLATE

9' x 13' HIGH
* .105" STEEL WITNESS SHEET 6"

IN FRONT OF 1/4" THICK STEEL PLATE 30'

20'

13'
13'

13'

12 EA CELOTEX 13' 13'

PACKS

13'1

113'

WARHEAD 13'

13'
13'

[

TEST QN0328A0

11-1/2" O.D., 200-LB FIRE FORMED tIBAL PARtlEAD

PAGE 328-10 FIGURE 3?8-8



TEST QN0328A9

COORDINATES* OF FRAGMENT HIT LOCATIONS (INCHES)
ON THE WITNESS SHEETS

FRAGMENT 20' RADIUS WITNESS SHEET COORDINATES __

ROW C[MN COLUMN COLUNN ] COL
NUMBER 1 2 3 4'-

1 -46-1/2 +35 +42 +44
2 -50 +34 +41 +25-1/?
3 -49 413 +21 +5
4 -63-1/2 +3.5 +11 -3-1/2
5 -5.5 +8 -11
6 -20** -6 -18-1/2
7 -28** -22** -22-1/2
8 -32-1/2** -24 -29**
9 -32 -29-1/2 -34**

10 -35 -35 -36**
11 -38-1/2 -34-I/2"* -41 l

12 -42-1/2** -37 -43
13 -36-1/2 -43-1/2 -44-1/2
14 -41 -42 -44
15 -42 -46** -45
16 -43 -48 -52
17 -45 -48-1/2
18 -46-1/2 -45
19 -48 -48
20 -63 -49
21 -62-1/2

* VERTICAL MEASUREMENTS ARE MEASURED FROM THE TOP OF THE WARHEAD AIMLINE
(BOOSTER WAS ON TOP OF WARHEAD.)

** FRAGMENTS PAIRED TOGETHER

.

UPAGE ,128-11 FIGURE 32,8-9



K I TEST Oo328AO

VERTICAL MEASUREMENTS* OF FRAGMENT HIT LOCATIONS

K I (INCHES) ON THE WITNESS SHEETS

30' RADIUS WITNESS SHEET

FRAGMENT COLUMN COLUMN*** COLUMN
NUMBER 1 2 3

1 -.39 +68 +61-1/2
2 -47 +55 +28
3 -41-1/2 +31 -4-1/2
4 -62-1/2 +9-1/2 -4
5 -64-1/2 +2 -6
6 -8
7 -9-1/2
8 -12-1/2
9 -17-1/2

10 -22**
11 -26-1/2
12 -29
13 -30-1/2
14 -34-1/2
15 -34
16 -34-/12
17 -35-/12
18 -34-/12
19 -36
20 -37-1/2
21 -41
22 -44
23 -43-1/2
24 -41-1/2
25 -42-/12
26 -46-1/2
27 -68-1/2

VERTICAL MEASUREMENTS ARE MEASURED FROM THE BOTTOM OF THE
WARHEAD AIMLINE (BOOSTER WAS ON TOP OF WARHEAD.)

**FRAGMENTS PAIRED TOGETHER

*** THE NUMBER OF FRAGMENT LISTED IN COLUMN 2 EXCEEDS THE NUMBER
OF FRAGMENT ROWS IN THE WARHEAD BECAUSE THE FRAGMENTS WERE
SCABBING

PAGE 328-12 FIGURE 328-10
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I TEST: QN0328AO

I

TEST ARENA BEFORE DETONATION

WARHEAD IN POSITION
IN TEST ARENA

I.

PAGE 328-13 FIGURE 328-11
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SEP so N00024-79-C-5333
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I TEST: QNO328AO

I
!

.I

WITNESS SHEET AT 20' RADIUS SHOWING
FRAGMENT HIT LOCATIONS

(5/8-inch SPACING BETWEEN LONGITUDINAL
GROOVES, SYMMETRICALLY TAPERED, H.E.-
FILLED)

[ PAGE 328-14 FIGURE 328-12



3 TEST: QN0328AO

I
I

WITNESS SHEET AT 30' RADIUS SHOWING
FRAGMENT HIT LOCATIONS

(5/8" SPACING BETWEEN LONGITUDINAL
GROOVES, SYMMETRICALLY TAPERED IN-
SIDE AND OUT, LAMINAC-FILLED)

PF
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I

TEST QNOLIO9AO

I 19' ANNULAR, 200-LB FIREFORMED FRAGMENT/PREFORMED
FRAGMEN1 COMBINATION WARHEAD

I
I

I.
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I.
I
I
I
I
I
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2.1.6 TEST 5, QNO4O9AO

2.1.6.1 nESIGN SUMMARY AND RATIONALE

This warhead was partly firefonned fragments and partly prefonmed
fragments. The basic design characteristics of the warhead (Figures 409-1
thru 409-3) were:

OUTSIDE DIAMETER: 19-inch
INSIDE D IAMIETER: 10.5-inch

LENGTH: 12-1/2-inch
CASE THICKNESS: 0.5-inch
CASE MATERIAL: SAE 4130, (RC-42)
WARHEAD WEIGHT: 200-lb
SHROUD: 0.080-inch titanium for preformed fragment

side, 0.020-inch titanium for fireformed
fragment side, plus 1-inch urethane foam
insulation between warhead and inner shroud

Three sizes of hex-HIBAL fragments were tested, 500-grain (7/8-inch
across flats x 0.47-inch thick), 700-grain (1-inch across flats x 0.47-inch
thick) and 900-grain (1-1/8-inch across flats x 0.47-inch thick). The
fragments were layed up inside a 0.030-inch skin (mild steel) and potted
in laminac.

The firefonned fragment case was grooved circumferentially to provide
14 rows of equal length fragments, each 0.886-inch long. Three choices
of spacing between the longitudinal grooves were evaluated, 0.633-inch,
0.886-inch and 1.139-inch. The theoretical fragment weights for these
spacings (with no loss in firefonning) were 550-, 770-, and 990-grains.

The decision was made to investigate the possibility that the metal
remaining between opposed grooves was the critical design factor, as
opposed to the groove depth or ratio of groove depth to case thickness.
The most successful warhead design of the first three tests was the first
test (ON0225AO), the design for QNO4O9AO was therefore based on
it.

A. Longitudinal Grooves

The best fragment longitudinal breakout in test QN0225AO occurred for
metal-thickness-remaining values of 0.193 to 0.238-inch. For test Q(O0409AO,
the metal-thickness remaining between longitudinal opposed grooves was
varied from 0.190 to 0.260-inch.

The depth of all inside longitudinal grooves was also made
0.110-inch, so as to equal the depth of the circumferential grooves (See
discussion below.)

PAGE 409-1
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I B. Circumferential Grooves

The results of QN0225AO indicated that no doubles occurred for metal
thickness values remaining of 0.160-inch or less for the non-booster-end
fragments. For 0NJ409AO, the metal reiaining values were varied fran
0.140-inch to 0.248-inch.

I The inside circumferential grooves were uniformly 0.110-inch deep
to prevent the inside non-booster-end corner from breaking off. The
outside circumferential-groove depths were each varied fron 0.142-inch
deep to 0.250-inch deep. By using this design, the data should provide
a guide to the required groove depths (as a function of groove distance
fran the booster end) to prevent the fragment doubles.

The circumferential and longitudinal groove designs are summarized

in the table below:

LONGITUDINAL CIRCUMFERENTIAL
GROOVES GROOVES

INSIDE OU(TSIDE METAL INSIDE OUTSIDE METAL
DEPTH DEPTH REMAINING DEPTH DEPTH REMAINING
(inch) (inch) (inch) (inch) (inch) (inch)

0.110 0.130 0.260 0.110 0.142 0.248
0.110 0.140 0.250 0.110 0.155 0.235
0.110 0.150 0.240 0.110 0.171 0.219
0.110 0.160 0.230 0.110 0.188 0.202
0.110 0.170 0.220 0.110 0.207 0.183
0.110 0.1P0 0.210 0.110 0.221 0.169
0.110 0.190 0.200 0.110 0.242 0.148
0.110 0.200 0.190 0.110 0.250 0.140

The preformed fragments were fired through a 0.080-inch titanium shroud
and the fireforned fragments were fired through a 0.020-inch titanium shroud.

[
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2.1.6.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The objectives of the test were to measure fragment pattern and
velocity for both the firefonned and preformed fragments, and to recover
a large sample of the fireformed fragments. The test arena is presented
in Figure 409-8, with photographs appearing in Figures 409-14 through K
409-1 6.

2.1.6.3 DESCRIPTION OF TEST RESULTS

A. Fragment Quality

Since all inside grooves were 0.110-inch deep, the results are
segregated below by outside longitudinal-groove depths.

1. Outside Depth = 0.130-inch (Remaining Metal = 0.260-inch)

No recovery was made of fragments.

2. Outside Depth = 0.140-inch (Remaining Metal = 0.250-inch)

Ten fragments were recovered which were 0.886" wide, all of
which were very good quality. The minor fault of the fragments
was that some "borrowing" was evident on all fragments, both
circtnferentially and longitudinally.

Twelve fragments were recovered which were 0.633-inch wide.
Five of these fragments (fron rows 9 through 13) were joined
together in a string. Three of the remaining seven fragments were
scabbed. The longi tudi nal -groove breakout was excellent for all but
the scabbed fragments. The circumferential-groove depth for this
fragment string was 0.155-inch outside, thus leaving 0.235-inch
remaining metal.

3. Outside Depth = 0.150-inch (Remaining Hetal = 0.240-inch)

Six fragments were recovered, two of which scabbed. Borrowing
was evident to a slight degree on both the longitudinal and
circumferential grooves.

4. Outside Depth = 0.160-inch (Remaining Metal = 0.230-inch)

Nine fragments 0.886-inch wide were recovered, two of which
were in a doublet. The doublet was in rows 12 and 13; the
circumferential groove depth being 0.188-inch at this point
(0.202-inch remaining metal). Borrowing was evident Lo a slight
degree on all the fragments. One fragment was a partial.

Eight fragments 0.633-inch wide were recovered, including two
doublets, rows 10, 11 and rows 12, 13. Slight borrowing wdS
evident on the longitudinal grooves of the doublets. All other
fragments scabbed.

.
i ~PAGE 409-3
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5. Outside Depth = 0.170-inch (Remaining Metal = 0.220-inch)

Three fragments, 1.139" wide, were recovered. Two were in a
double (rows 3, 4) and scabbed. The appearance of the scabbed
fragment was different than scabbed fragments previously
recovered in that the scabbed face was very smooth. The third
fragment, from row 2, had borrowing on all four sides.

Eight fragments were recovered which were 0.886-inch wide.
Four of the fragments were scabbed (not the "smooth face" scab).
remaining four had excellent-quality breakout UAong the longi-
tudinal grooves, but showed evidence of borrowing along the
circumferential grooves.

6. Outside Depth = 0.180-inch (Remaining Metal 0 O.210-inch)

Nearly complete success was achieved, in that the frag-
ments averaged 911-grains weight, or about 90,% of theoretical.

Eleven fragments (1.139-inch spacing) were recovered (no
doublets). Slight borrowing was evident on the longitudinal
grooves for all the fragments. There was one partial frag:ent.
Borrowing was evident circumferentially on two of the fragments,
row 3 and 13. The outside circumferential-groove depth was
0.221-inch, or 0.169-inch remaining metal.

7. Outside Depth = 0.190-inch (Remaining Metal 0 O.200-inch)

Nearly complete success was achieved, in that most, frag-
ments were excellent quality, averaging 732-grains each, or about

95% of theoretical.

Twenty two fraginnts were recovered (0.886-inch wide), including
one double (rows 4, 5) and one scabbed fragment (row 10).

The 0.020-inch titanium shroud left an imprint on the frayments,
which had not occurred in any of the previous tests. No other
damage than the imprint can be attributed to the shroud.

Recovered fragment weights are presented on page 409-24.

B. Fragment Pattern and Velocity

The fragment polar-angle and velocity characterizations, for both
the preformed and firefonned fragments, are presented in Figures 409-5
through 409-7. The data for the firefoned fragments are not as cL:mplete
as the data for the preformed fragments because the column of fragm:ents
which was intended for velocity and polar-anjfe characterization did not
properly breakup, circumferentially (i.e., fragment mnltiples occurred).
The data are presented in Figure 409-8 and 409-9.

PAGE 409-4
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C. CONCLUSIONS

1. Firefoned Fragment Warhead

a. Longitudinal opposed grooves which provide for 0.250-inch or
less metal remaining between the apexes of grooves will provide for

j proper case breakout along the longitudinal grooves.

b. For fragments near the booster end of the warhead, clrcumferen-
tial grooves should provide for about 0.240-inch remaining metal between
the apexes of the grooves. For fragments near the non-booster end ol

the warhead, the circumferential grooves should provide for about 0.200-
inch relaining metal.

2. Prefoned Fragment Warhead

There is no need for further 19-inch diameter, 200-lb preformed

fragment warhead tests. The fragments were satisfactory in quality, as
judged fran the witness sheet pattern, and the pattern and velocity
date were adequate to fonulate warhead characterization models for the
second phase end game analysis.

PC4.
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I" URETHANE FOAM INSULATION

.080" TITANIUM 1800
(for preformed .020" TITANIUM 1800

fragmnts)(for fireformed
fragmen ts)

13"11

-d 22"

SHROUD USED IN TEST QN040O9AO

FOR THE 19" Q.D. ANNULAR WARHEAD

LPAGE 409-9 FIGURE 409-4



I TEST: QN04IO9AO

IR A

WARHEAD BEFORE BEING LOADED WITH EXPLOSIVE

ti1
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0 1 2 L
INCHES

QNO4O9AO

4- FRAGMENT
SHAPE

FRACTURE LINE

LONGITUDINAL GROOVE

H.E. SIDE

FRAGMENT SHAPE RESULTING WHEN THE METAL REMAINING BETWEEN

LONGITUDINAL INSIDE AND OUTSIDE GROOVES IS BETWEEN 0.200" AND 
0.240"

EXAMPLE FRAGMENTS FROM TEST QNO409AO
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INHE
QN40A

REUTN
FRGMNI SHAPE

FFRAGMENT

LONGITUDINAL GROOVE

REDUCED-WEIGNT FRAGMENTS RESULTING WHEN THE METAL RE,"AIN.If, BETW'EEN
INSIDE AMD OUTSIDE LONGITUDINAL GROOVES WAS 0.240" THROUGHi 0.260"

j EXAMPLE FRAGM-UIITS FROM TEST QN9'409AO
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2 FASTAX
CAMERAS

TARGETS: A, B, C, D, E 4'x4'x8'-HIGH CELOTEXjI PACKS WITH 1/21 STEEL BACKPLATES

TARGETS: F, G, H, J * 2 EA. 4'-WIDE, 12--HIGH,
0.105"-TIIICK STEEL PLATES. SPACED
611 APART.

20 'R

WARHEAD

10'0

15'R

G 15'R

15'R

H

2 FASTAX
CAMERAS

ARENA FOR TEST QN0'409AO

LPAGE 409-13 FIGURE-409-i8



TEST QN0'409A0

SUMMARY OF FRAGMENT POLAR EJECTION ANGLE AND VELOCITY
RESULTS FOR HEX HIBAL FRAGMENTS THROUGH

.080'; TITANIUM SHROUD

FRAGMENT
C.G. DISTANCE FRAGMENT HIT LOCATIONS

FRAGMENT IFROM BOOSTER RELATIVE TO BOOSTER-END POLAR AVERAGE
ROW' END (INCHES) 500-gr 700-gr 1900-gr jANGLE VELOCITY(O-15')

1__ 5)__0.8__+45.5____14.40__3400

1(7) 0.9 +47.3 +15.00

1(9) 1.0 +20.5 +6.80
2(5) 1.6 +16.5 +5.70 3800
2(7) 1.8 +13.5 +4.90
2(9) 1.9 +1.3 +1.00
3(5) 2.3 +3.3 +1.80 4200
3(7) 2.6 0 +0.80
3(9) 2.9 -4.8 -0.60
4(5) 3.1 -2.5 +0.20 4400
4(7) 3.5 -5.8 -0.70
5(5) 3.8 -8.0 -1.30 4600
4(9) 3.9 -10.0 -1.90
5(7) 4.4 -12.7 -2.60
6(5) 4.6 -12.3 -2.40 4600
5(9) 4.9 -16.0 -3.50
6(7) 5.2 -16.3 -3.50
7(5) 5.4 -16.0 -3.40 4800
6(9) 5.8 -19.3 -4.30
7(7) 6.1 -20.7 -4.60
8(5) 6.1 -18.5 -3.90 4800
7(9) 6.8 -20 -4.20
9(5). 6.9 -19.8 -4.10 4900
8(7) 7.0 -20.3-42
10(s) 7.6 -22.3 -4.70 4900
8(9) 7.8 -24.8 -54
9(7) 7.8 -25.2 -5.50

11(5) 8.4 -25.0 -5.30 4900
10(7) 8.7 -25.3 -5.30
9(9) 8.8 -28.3 -62

12(5) 9.2 -25.0 -5.00 4900
11(7) 9.6 -28.8 -6.10
10(9) 9.7 -28.5 -60
13(5) 9.9 -27.5 -5.60 4900
12(7) 10.4 -29.2 -6.00
11(9) 10.7 -29-58
14(5) 10.7 -28.8 -5.70 4600
13(7) 11.3 -35.3 -7.60
15(5) 11.4 -30.8 -6.20 4500
12(9) 11.7 -37.3 -8.10
14(7) 12.1 -44.8 -10.3"L16(5) 12.2 -41.3 -9.2() 4500

1NUMBERS IN PARENTHESIS INDICATE FRAGMENT SIZE

I PAGE 409-14 F1C(LRE-409-9
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TEST QN04O9AO

FRAGMENT VELOCITY AND POLAR ANGLES FOR FIREFOR.IED
FRAGMENTS THROUGH 0.020" TITANIUM SHROUD

POLAR FRAGMENT
FRAGMENT EJECTION AVERAGE
ROW* ANGLE VELOCITY (0-20-ft)

1 50 4300

2 2.70 4800

3 -0.60 5260

4 -0.90 5260

5,6 -3.00 5400

7 -4.60 5500

8,9,10 -5.30 5500

11,12 -.550 5500

13

14

*THE FRAGMENT ROWS LISTED IN THE SAME LINE WERE JUDGED
TO BE PAIRED TOGETHER BASED ON THE HOLE SIZES IN THE
WITNESS SHEETS.

..



TEST QSHEETS

VERTICAL MEASUREMENIS*OF FRAGMENT HIT LOCATIONS

* 9O0UJGR1N HEX -HIBAL, lYi RbDIUS -

-FRAGMENT CO-L-UMN -- CO-LUMN --- CO L-UAN COLUMN
ROW 1 2 3 4 AVERAGE

1 -22 -19 +20.5
2 +0.5 -2 +1.3
3 -5 -4.5 -4.84I1 . 9. 1 .
4 -10.5 -9.55 -10.0
6 -20 -18.5 -19.3

7-19 -21 -20
8-25.5 -24 -24.8

9 -28 -28.5 -28.3
10 -30 -27 -28.5
11 -29 -29 -29
12 -38 -36.5 -37.3

FIRE-FORMED HIBALS -20' RADIUS
FRAGMENT COLUMN

ROW 1

1 +20.5
2 +10.0
3 -5.0
4 -7.0
5 -17O*

6 -ii'oJ FRAGMENT DOUBLE
7 -26.5
8 -30
9 -30 FRAGMENT TRIPLE

1 0 -30)I
11 -33 FRGMN DOUBLE
12 -33 )J
13 - (HIT BELOW WITNESS SHEET)
14

*VERTICAL MEASUREMENTS ARE FROM THE TOP OF THE WARHEAD AIMLINE.

[PAGE 409-17 F[GURE-409-I?
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TEST ON040O9AO
VERTICAL MEASUREMENT* OF FRAGMENT HIT LOCATIONS

(INCHES) ON THE WITNESS SHEETS
I ~500-GRAIN HEX HILBAL ___

FRAGMENT COUMN -COLUMN COLUMN COLUMN
ROW j 1 2 3 4 AVERAGE

1 +45 +46 +45.5
2 +18 +15 +16.5
3 +2.5 +4 +3.3
4 -2 -3 -2.5I5 -9 -7 -8
6 -12 -12.5 -12.3
7 -16.5 -15.5 -16.0
8 -18.5 -18.5 -18.5
9 -21 -18.5 -19.8

10 -22.5 -22 -22.3
11 -25.5 -24.5 -25.0
12 -25 -25.0
13 -28 -27 -27.5
14 -29.5 -28 -28.8
15 -31.5 -30 -30.8
16 -43.5 -39 -41.3

___ 700-GRAIN HEX HIBAL ____

FRAGMENT COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN
ROW 1 2 3 4 5 6- AVERAGE

1 +45.5 +47.5 +49 +47.3
2 +13 +14 --- +13.5
3 -0.5 0 +0.5 0
4 -6 -6.5 -5 -5.8
5 -12 -13 -13 -12.7
6 -15.5 -17.5 -16 -16.3
7 -20.5 -22 -19.5 -20.7
8 -15.5 -23 -22.5 -20.3
9 -25 -25.5 -25 -25.2

10 -22.5 -27 -26.5 -25.3
11 -29 -28 -29.5 -28.8
12 -26 -30 -31.5 -29.2
13 -35 -34 -37 -35.3
14 - -42.5 -47 -44.8

*VERTICAL MEASUREMENTS ARE FROM TOP OF WARHEAD AIMLINE

PAGE 409-18 FIGUR[-409-13
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I TEST: QN040O9AO

WARHEAD AT TEST SITE WITH SHROUD REMOVED

PAGE 409-19 FIGURE-409-14
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TEST QN0409AO

NM.

WARHEAD AT TEST SITE WITH SHROUD INSTALLED

IPAGE 409-20 FIGURE-409-15
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3 TEST: QN0'409A0

Ch - ;t

TEST ARENA~ BEFORE DETONATION

IPAGE 409-21 FIGURE-409-16
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TEST: QNOLO9,AO

V.1A

500-gr FRAGMENT WITNESS SHEET AFTER
A( 11TEST; 15' RADIUS

700-gr FRAGMENT WITNESS SHEET
AFTER TEST; 15' RADIUS

PAGE 409-22 FIGURE-409-1.7



900-GRAIN FRAGMENT WITNESS
SHEET AFTER TEST; 15' RADIUS

_T;-

FIRE-FORMED HIBAL WITNESS
SHEET AFTER TEST; 20' RADIUS

I ; PAGE 409-23 FIGURE-409-1B
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2.1.7 TEST 6, QN0429AO

I 2.1.7.1 DESIGN SUMMARY AND RATIONALE

This warhead was a combined (preformed plus firefonmed) fragment warhead.
The basic design characteristics of the warhead (Figure 429-1 and 429 2)
were:

OUTSIDE DIAMETER: 11.5-inch
INSIDE DIAMETER: 2.875-inch
LENGTH: 18.375-inch
CASE THICKNESS: 0.563-inch
CASE MATERIAL:

Preformed Fragments: SAE 4130, RC44-47
Fireformed Fragments: SAE 4140, RC37-42

SKIN THICKNESS:
Preformed Fragments: 0.015-inch (mild steel)

WARHEAD WEIGHT: 200-lb
SHROUD: Two steel skins, 0.020-inch inside,

0.030-inch outside, plus 1-inch urethane
foam insulation between warhead and
inner shroud

The prefomed hex-HIBAL fragments were all 0.548-inch thick, and were
the following sizes: 3/4-inch across flats (500-grian); 7/8-inch across
flats (700-grain); and 1-inch across flats (900-grain). They were packaged
with a 0.015-inch steel outside skin and potted in laminac.

The fireformed-fragment case was grooved circumferentially to provide
19 rows of equal-length fragments, 0.888-inch long. The spacing between
longitudinal grooves was 0.75-inch. No variation in spacing between
longitudinal grooves was made because it was not judged that the spacing
between longitudinal grooves would affect the fragment quality. The
theoretical weight of the fragments (before any weight loss due to
fireforming) was 750-grains.

A. Longitudinal Grooves

0.250-inch metal thickness remaining between grooves (or less)
resulted in good fragment breakout longitudinally in test QNo4o9AO. So
in test QN0429AO the grooves were varied so as to achieve metal thickness
remaining values from 0.248 to 0.273-inch, to explore how thick metal
remaining between grooves can be and still produce good fragments.

The inside longitudinal grooves were all made 0.100-inch deep. The
outside longitudinal grooves were varied in depth to provide the range of
values of metal thickness remaining between inside and outside grooves
desired. The groove depths are summarized below.

PAGE 429-1
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METAL
REMAI NI NG

IN-SIDE OUTSIDE BETWEEN
DEPTH DEPTH GROOVES
(inch) (inch) (inch)

0.100 0.190 0.273I 0.100 0.195 0.268
0.100 0.200 0.263
0.100 0.205 0.258
0.100 0.210 0.253
0.100 0.215 0.248

B. Circumferential Grooves

Metal thickness remaining between opposed grooves should be about
t'-e same as what worked in previous test. Metal thickness remaining
values = 0.243-inch near booster end = 0.193-inch near non-booster end.

All inside circumferential grooves were 0.110-inch in depth, to pre-
vent the inside non-booster-end corners of the fragments from breaking
off. The outside circumferential grooves were made deep enough to reduce
the metal tickness between the apexes of the opposed grooves to the value
for which no fragment doubles had been recovered in test 6. The depths
are presented below, groove-1 being nearest the booster end.

METAL
REMAINING

INSIDE OUTSIDE BETWEEN
GROOVE DEPTH DEPTH GROOVES
NIIBER (inch) (inch) (inch)

1 THRU 6 0.110 0.210 0.243
1 THRU 19 0.110 0.260 0.193

2.1.7.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The test objective included characterizing the polar ejection angles
and the velocities for the preformed fragments, and recovering a sample of
each preformed-fragment size to determine if damage resulted during the
detonation or fron the fragment perforating the shroud. Fragment recovery,
only, was desired, for the fireformed fragments. The test arena is
illustrated in Figure 429-6, and photos appear in Figure 429-12.

PAGE 429-2
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2.1.7.3 rESCRIPTION OF TEST RESULTS

A. Fragment Ouality

1. Firefonmed Fragments

The longitudinal-groove designs were inadequate in that the metal
remaining between the inside and outside opposed grooves was too
thick. Example fragments are shown in Figures 429-4 and 429-5. Also a
contributor to the poor longitudinal breakout (which is demonstrated
in the following test) is the too-shallow depths of the inside groove.

The recovered fragments were of such poor quality that it was

decided there was no useful information to be gained by weighing than.

2. Preformed Fragments

The fragment quality was excellent. The fragments exhibited some
minor deformation from the explosive sweep, but lost no weight.

B. Fragment Velocity and Pattern - Preformed Fragments

A summary of the fragment velocity and polar ejection-angles for
the hex-HIBAL fragments is presented in Figure 429-7. The fragment
polar ejection angles are plotted as a function of the fragment center-
of-length distance from the booster-end of the warhead in Figure 429-8.
Measurements of the fragment-hit locations are presented in Figures 429-9,
10, 11. Photographs of the fragment pattern are presented in Figure 429-13.

COMCLIISIONS

1. Firefonmed Warhead

a. Opposed longitudinal grooves should have maximum of 0.240-inch
remaining metal between the apexes of the opposed grooves to achieve
proper breakout.

b. The circumferential grooves will have to be deeper, so as to
reduce the metal thickness remaining between the apexes of the grooves
to less than 0.193-inch.

c. The Celotex recovery may have contributed to fragment breakup
in test QNO4O9AO. In the next test more witness sheets should be used
to verify fragment lengthwise breakup prior to impact on the Celotex.

2. Preformed Warhead

There is no need for further 115-inch diameter, 200-lb preformed-
fragment warhead tests. The quality of the recovered fragments was
excellent and the fragment velocity and pattern were within acceptable
bounds.

PAGE 429-3

--- --- mom



I HEX tUBAL -FRAGMENTS OLPTH OF OUTSIDE t

900-rainLONGITUDINAL GROOVES

20 ROWSALL INSIDE
I.O.NGITUDINAL
GROOVES: 0.1"

-DEPTH, 3/4" SPACING

700-gra in
781ACROSS 14

FLATS I

23 RWS1'0

LI0.10"

27- RORWOLWCS

2.OALTES: D RO.
1.FILLED WITH

PREFRMEDHEXHIBAL R1GETCS
FRAMEN MTRICKLS MAERA bA

OIL~~~ ~ ~ ~ QUNHD AND DRW 0OVETRAEOI
19 D1PTH CE.DA.I

CI~cUMEASUREMENT

TEST QNO37-42

NiAGl49- FIGUED 429-1



loom,

CIA LO CD. *

001

CCcj

A~. C) ) f

C'CD

_jt1~ 2~-

W~ V LL-
CD~. 000, V

L.)r LO> C)<

I x.

A--

LL

N44
PAE49-LiIUR 2-

LL- V)

V -.- ,



18" O.D. x.030" STEEL 14" 0.0. x.020" STEEL 1" URETHANE FOAM

I I 20"1

SHROUD FOR 11-1/2", 0.D. 200-LB WARHEAD

TEST QN0'429AO

PAGE 429-6 FIGURE 429-3
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TOTAL METAL REMAINING
BETWEEN CIRCUMFEREN-
TIAL GROOVES WAS TOO
THICKAS ILLUSTRATED
BY FRAGMENT LENGTHWISE
PAIRING

INCHES t

QN0429AO

~III3RESULTING
FRAGMENT
SHAPE

\I -

9

FRACTURE

LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING WHEN THE METAL REMAINING BETWEEN
INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.240" THROUGH 0.260"

EXAMPLE FRAGMENTS FROM TEST QN0429AO

V PAGE 429-7 FIGURE 429-4
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INCHESQN0429A0

RESULTING
FRAGMENT
SHAPE

' /

H.E. SIDE

FRACTURE

LONGITUDINAL GROOVE

° REDUCED-WEIGHT FRAGMENTS RESULTING WHEN METAL REMAINING

BETWEEN INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.280" OR MORE

EXAMPLE FRAGMENTS FROM TEST QN0429AO FU 49
PAGE 429-8 FIGURE 429-5



I
TARGETS 1-15 = CELOTEX PACKS

TARGETS A, B, C = .105" STEEL WITNESS SHEETS, 12' HIGH
(NOTE: A, B DOUBLE SHEETS WITH 6" SPACING)

I p

I
13 4 5- 6 7 8 9 10

2 11

1'112

1

Ii

1515 155'

900-grain 1 500-grain
HEX HIBAL HEX HIBAL

j /700-grain
HEX HIBAL

ITEST QN0429AO

I

I PAGE 429-9 FIGURE 429-6
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TEST NO429AO

SUMMARY OF FRAGMENT VELOCITY AND POLAR EJECTION ANGLES FOR

THE HEX-HIBAL FRAGMENTS

FRAGMENT 500 GRAIN 700 GRAIN 900 GRAIN
ROW POLAR POLAR VELOCITY AV. POLAR

ANGLE ANGLE AVG. 0-153') ANGLE

1 +12.00 + 9.50 4100 + 7.30

2 + 7.30 + 5.00 4200 + 3.40

3 + 4.20 + 2.50 4300 + 1.20

4 + 2.30 + 1.00 4500 - 1.00

5 + 1.30 - 0.30 4850 - 1.80

6 + 0.10 - 1.40 4500 - 2.30

7 + 0.30 - 2.00 5000 - 3.20

8 - 1.10 - 2.30 5000 - 3.60

9 - 1.40 - 2.20 5100 - 4.40

10 - 1.70 - 3.20 4850 - 4.20

11 - 2.10 - 3.10 5100 - 4.90

12 - 2.40 - 3.90 5100 - 5.00

13 - 2.90 - 3.80 5300 - 5.20

14 - 2.60 - 4.50 5100 - 5.70

15 - 3.50 - 4.30 5300 - 6.10

16 - 3.40 - 5.00 5450 - 5.20

17 - 3.80 - 4.60 5450 - 6.50

18 - 3.80 - 5.00 5450 - 5.70

19 - 3.50 - 4.40 5450

20 - 4.50 - 5.00 5450 - 5.30

21 - 3.80 - 4.50 5300

22 - 4.30 - 4.80 5300

23 - 4.40 - 4.90 5000

24 - 4.20

25 - 4.30

26 - 4.1 °

27 - 4.10

PAGE 429-10 FIGURE 429-7
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TEST ONO0429A0

VERTICAL MEASUREMENTS (INCHES)* OF FRAGMENT HIT LOCATIONSI ON WITNESS SHEET

FRAGMENT 700-gr FRAGMENT WITNESS SHEET
ROW NUMBER COLUMN 1 COLUMN 2 C OL UMN 3'

1 +29

2 +14 +14

3 +51-
4 + 1-1

5 -5

6 -91 -9

7 12

8 -121 -141

10-18 :11-18

12 -201 -22

13 -22

14 -24 -26

15 -25

16 -28 -

17 -271

18 -29 -30

19 -28J

20 -30 -32

21 -301

22 -301 -331

23 -33

*Coordinates measured from the top of warhead aimline.

PAGE 429-12 FIGURE 429-9
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TEST QNO429AO

VERTICAL MEASUREMENTS (INCHES)* OF FRAGMENT HIT LOCATIONS
ON WITNESS SHEETS

FRAGMENT 500-r FRAGMENT WITNESS SHEET
ROW NUMBER COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4

1 +37 +371

2 +211

3 +11 +11 V
4 +4- +4
5 + +

2 2

6 -4

7 -51- 6

8 -9

9 -I1 -10

10 -12

11 -141 -131

12 -151

13 -171 -18

14 -171

15 -211 -201

16 -21 -211

17 -24 -221

18 -23 -25

19 -24 -231

20 -27 -28

21 -26 -26

22 -271 -281

23 -291 -281

24 -29

25 -30 -30

26 30

27 -311 -30

h.. *Coordinates measured from the top of warhead aimline.

PAGE 429-13 FIGURE 429-10
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TEST QN0429AO
VERTICAL MEASUREMENT (INCHES)* OF FRAGMENT HITS ON WITNESS SHEET

FRAGMENT 900-gr FRAGMENT WITNESS SHEET

ROW NUMBER COLUMN 1 COLUMN 2 COLUMN 3

1 +22

2 +9 +81

3 +1

4 - 6 -71

5 -10

6 -13 -121

7 -161

8 -191 -171

9 -22

10 -22 -221

11 -25

12 -271 -25

13 -28

14 -301 -30

15 -321

16 -31 -30

17 -351

18 -33 -341

19

20 -331 -35

*Vertical coordinates from top of warhead aimline.

PAGE 429-14 FIGURE 429-11



I TEST QNOI209AO

WARHEAD PRIOR TOI PLACEMENT
OF SHROUD

ir

AII

LA

TEST ARENA
PAGE 429-15 FIGURE 429-12
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TEST QNO514AO
11.5", 135-LB PREFORMED FRAGMENT/FIREFORMED

FRAGMENT COMBINATION WARHEAD
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2.1.8 TEST 7, QNO514AO V

2.1.8.1 DESIGN SUMMARY AND RATIONALE

This warhead was partly firefonred fragments and partly prefoniiel
fragments. The basic design characteristics of the warhead (Figures
514-1, 2, 3) were:

OUTSIDE DIAMETER: 11.5-inch
INSIDE DIAMETER: 2.875-inch
LENGTH: 14.0-inch
CASE THICKNESS: 0.5-inch
CASE MATERIAL:
Prefomed fragments: SAE 4130, (RC40-42)
Firefonned fragments: SSS 100, (RC-42), HY-80, (RC40-43)

WARHEAD WEIGHT: 135-lb
SHROUD: Two steel skins, 0.020-inch inside,

0.030-inch outside, with 1-inch urethane
foam insulation between warhead and
inner shroud

The preformed hex-HIBAL fragments were all 0.485-inch thick, and were
the following sizes: 13/16-inch across flats (500-grain); 15/16-inch across
flats (700-grain); 1-1/16-inch across flats (900-grain). The fragments were
potted in laminac with a 0.015-inch outside skin.

The fireformed fragment case was grooved circumferentially to provide
15 rows of equal-length fragments, each 0.867-inch long. The spacing
between the longitudinal grooves was 0.625-inch, which provided for a
theoretical fragment weight of 540-grains (before any weight loss due to
fireforming).

Two different materials, SSS-100 and HY-80, were tested in the
fireformed portion of the warhead to determine if the opposed grooving
technique was sensitive to choice of alloy.*

For the HY-80, both the longitudinal and circumferential groove-depths
were selected which had been successful for the SAE 4130 alloy in test 5.

For the SSS-100, with the metal remaining between the longitudinal
opposed grooves being held approximately constant, the internal and
external groove depths were varied. Circumferential grooves for the
SSS-100 were made slightly deeper on the non-booster end than the HY-80
to fully insure that the resulting circumferential groove breakout at
that end of the warhead would avoid the creation of doublets. The grooves

* Flat plates of each material were circumferentially grooved,
formed to the desired radius of curvature in a press, longitudinally
grooved, and then welded together to form the warhead case.

PAGE 514-1



at the booster end were made slightly. shallower than those used with
HY-80, to determine if doublets would occur at the booster end of the
warhead.

HY-80 GROOVE DETAILS

LONGITUDINAL CIRCUMFERENTIAL
INSIDE OUTSIDE METAL GROOVE INSIDE OUTSIDE METAL
DEPTH DEPTH REMAINING NUMBER DEPTH DEPTH REMAINING
(inch) (inch) (inch) (inch) (inch) (inch) (inch)

0.100 0.160 0.240 1,2 0.100 0.120-0.140 0.260-0.280
0.100 0.170 0.230 3,4,5 0.100 0.180-0.200 0.200-0.220

6-16 0.100 0.220-0.240 0.160-0.180

SSS-100 GROOVE DETAILS

jONGITUDI NAL _ IRCUMFERENTIAL
INSIDE OUTSIDE METAL GROOVE INSIDE OUTSIDE METAL
DEPTH DEPTH REMAINING NUMBER DEPTH DEPTH REMAINING
(inch) (inch) (inch) (inch) (inch) (inch) (inch)

0.130 0.130 0.240 1,2 0.100 0.100-0.120 0.280-0.300
0.156 0.104 0.240 3-8 0.100 0.200-0.220 0.200-0.180
0.104 0.156 0.240 9-16 0.100 0.240-0.260 0.140-0.160
0.14n 0.140 0.220
0.140 0.130 0.230

The shroud (Figure 514-4) is the same as was used in the previous 11.5-inch
diameter warheads.

2.1.8.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

For the firefomed-fragment portion of the warhead the primary
objective was fragment recovery. In addition, witness sheets were placed
between each Celotex pack to provide evidence of fragment doubles, because
previous firings had indicated that some breakup of doublets into singles
may have occurred during impact with the Celotex.

For the prefomed hex-HIBAL portion of the warhead, fragment velocity
and pattern were the objectives.

The test arena is illustrated in Figure 514-8, and photographs of
the arena are presented in Figures 514-14 and 514-15.

[PAGE 514-2
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2.1.8.3 DESCRIPTION OF TEST RESULTS.

A. Fragment Qjality

1. Firefonned Fragments

a. HY-80 Steel

The fragment breakout along the longitudinal grooves was good for
both choices of longitudinal grooving. However, breakout along the
circumferential grooves were not as good in that fragment nultiples
(lengthwise) occasionally occurred everywhere except adjacent to the
booster end. (The booster-end row of fragments were good.) Example
fragments are presented in Figure 514-6.

b. SSS-100

The fragment breakout along the longitudinal grooves was excellent
for every choice but one - the choice which had 0.104-inch deep inside
grooves and 0.156-inch-deep outside grooves, wherein fragment scabbing and
partial fragments were prevalent, as shown in Figure 514-9. Some
fragment lengthwise multiples were recovered for all choices of circum-
ferential groove depths, indicating that depths of grooves were less
than required. Examples are shown in Figure 514-15.

The fragments were not weighed because the weight of strings of

fragments are meaningless.

2. Preformed Fragments

Witness sheet data indicated that no breakup of the preformed
fragments occurred.

B. Fragment Pattern and Velocity

1. Fireformed Fragments

This test was not designed to acquire pattern and velocity data for
fi reformed fragment.

2. Prefomed Fragments

A summary of the hex-HIBAL-fragment polar-ejection angles and
velocities is presented in Figure 514-9. The hex-HIBAL fragment polar
ejection angles are plotted as a function of the fragment center-of-length
distance from the booster end of the warhead in Figure 514-10. Tables
of the fragment hit locations are presented in Figures 514-11, 12, 13.
Photographs of the fragments pattern are presented in Figure 514-16.

PAGE 514-2aL
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I C. Conclusions

1. Fireformed Fragment Warhead

a. The design requirements for achieving proper firefonning of
fragments with opposed longitudinal grooves have been well defined. The
metal remaining between the apexes of the longitudinal grooves should be
between 0.200 and 0.240-inch.

b. The metal remaining between the apexes of the circumferential
grooves must be less than 0.140-inch, probably about 0.100-inch, but the
exact value remains to be demonstrated.

2. Preformed Fragment Warhead

There is no need fo further 11.5-inch diameter, 135-lb warhead tests.
Fragment quality, velocity and pattern characteristics were all within
the desired bounds.

PAGE 514-2b



OUT 0. 0104"
IN 0~ 030 0 u

-v- [v - - I 0.104" Df PINH OF
LOWUUTUM!'AL C.P'j).ESHEXIIfAL. F~RAMITS IN F lREI'V1*1D F;'(, VT'

90-ra in OUT 0.140"* ~1-1/16" ACROSS 
010FLA'S VT 0. 1

23 RO IN 40"

700 raln 0
700.gaI! I~ IIIIAL If')-N 0. 110

15/16" ACROsS 0TE 1 NOTE 3
FLATS

16 ROWSJ 
OUT 010

IIN 0.100'

500-gra i.J-

FLATS r PT1g (l! TAIEP(0D
Iuls' CI MC.1 1[RF

112-/ 1O NOTES:

NOTES: tlRA. . 0.140" N 2r IfrCs:
1. M~F0RMED KX~ H 1BAL 12"? 0 1 . '1 .IJ[-- E P.MNC

Sl i 4110 !'rl P00 W',' = S5S-T'l 1 0.KIPLAT(0 Oil. fr~fgTP[AI J r Oc, *A.l10 DRA,.i AT 8-Uii 
ta .-C p:-ACTUAl O~I P:IL 'C .: 

'"~o~CO~MAStk~pM.EiuS - 40-4?.

TP t L 1-hr
it610 0: 0 :*CzHE&.

T ._0 F0.041
NISIAL

IMICNE 1 5. ALI,1% - S'lHIM 
f: .S71! . IIIff IC

3/16" 
*

11-112" 1

WARHEAD DESIGN
TEST ON0514AO

PAGE 514-3 FIGURE 514-1

ML4



IC

c'.J

LLii
xir

~00
-t4

LL
j~~~~: PAE54- IUR 1-

-. .$-t*',~ ~C4



CIC)C
C\J to

II

uJ
uLJ

'N C)

C)
00 C) O

LU -
V) ClD

CD C) C/)
cco

NN C) I

M 0a

C) w -L

LfJ (.0o

LU crzL
C) U) K

0) LU

cm cm

PAGE 545FIE 51-3

o A,



18" 0.D. x.030" STEE 14" O.D. x.020" STEEL.' I" URETHANE FOAM

15"1

SHROUD FOR 11-1/2" O.D., 135-LB WARHEAD

TEST QN05ILAO
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i J0

INHE . .. '.

o 1 2
INCHES

QNO514AO

RESULTING
FRAGMENT
SHAPE

FRACTURE LINE

ONGITUDINAL GROOVE

H.E. SIDE

I
FRAGMENT SHAPE RESULTING IN SSS-100 WHEN THE METAL REMAINING BETWEEN
LONGITUDINAL INSIDE AND OUTSIDE GROOVES IS .220", AND THE INSIDE

AND OUTSIDE GROOVE DEPTHS ARE EQUAL

PAGE 514-7 FIGURE 514-5



I1!

INCHES

QNO514AO

RESULTING
.--- FRAGMENT

SHAPE

FRACTURE LINE

LONGITUDINAL GROOVE

H.E. SIDE

FRAGMENT SHAPE RESULTING IN HY-80 WHEN THE METAL REMAINING BETWEEN
LONGITUDINAL INSIDE AND OUTSIDE GROOVES WAS 0.230", AND THE

INSIDE LONGITUDINAL GROOVE WAS .100" DEEP
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I

THESE FRAGMENTS ___-.__._,_._.

WERE SCABBED

0 2

INCHES

OFSS1LTING
FRAGMENT
SHAPE

H.E. SIDE

FRACTURE

LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING IN SSS-100 WHEN METAL REMAINING

BETWEEN INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.240", AND INSIDE

LONGITUDINAL GROOVE WAS 0.104" DEEP

EXAMPLE FRAGMENTS FROM TEST ON0514AO
PAGE 514-9 F E

F FIGURE 514- 7
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TARGETS AA -Fr 4Vx4'x8' CELOTEX PACKS
TARGETS A - 0 4'x6' WITNESS SHEETS

SHEETS. 6" SPACING

TARGETS 2,4 4'x6' SINGLE STEEL WITNESS SHEETS

15'

15A STAXATA

ARNAFO
TEST 1551'A

[I.H
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TEST QNO514AO

SUMMARY OF FRAGMENT POLAR EJECTION ANGLE AND VELOCITY RESULIS

AVERAGE
FRAGMENT C.G. POLAR EJECTION ANGLES POLAR VELOCITY

FRAGMENT DISTANCE FROM ANGLE (9-15')
ROW BOOSTER END (IN) 500-GR 700-GR 900-GR SUMMARY (ft/sec)

1 £.0 +5.9 +5.9 4100
1 1.2 +5.0 +5.0
1 1.2 +6.0 +6.0 4100
2 1.7 +1.2 +1.2 4800
2 2.0 +1.3 +1.3
2 2.2 +2.7 +2.7 4700
3 2.4 -0.5 -0.5 4900
3 2.8 -1.0 -1.0
3 3.1 0 0.0 5000
4 3.1 -1.9 -1.9 5100
4 3.6 -1.9 -1.9
5 3.8 -3.2 -3.2 5400
4 4.0 -0.3 -0.3 5200
5 4.4 -3.2 -3.2
6 4.5 -4.3 -4.3 5400
5 4.9 -2.3 -2.3 5200
7 5.2 -4.9 -4.9 5400
6 5.3 -3.8 -3.8
6 5.8 -2.4 -2.4 5300
8 5.9 -5.6 -5.6 5400
7 6.1 -4.6 -4.6
9 6.6 -5.7 -5.7 5400
7 6.8 -3.4 -3.4 5300
8 6.9 -6.1 -6.1
10 7.3 -6.1 -6.1 5400
8 7.7 -4.4 -4.4 5500
9 7.7 -4.7 -4.7

11 8.0 -6.2 -6.2 5400
9 8.5 -4.1 -4.1 5300

10 8.6 -7.0 -7.0
12 8.7 -7.0 -7.0 5400
11 9.3 -5.8 -5.8
13 9.4 -7.1 -7.1 5400
10 9.5 -5.4 -5.4 5500
12 10.1 -7.5 -7.5
14 10.1 -7.2 -7.2 5400
11 10.4 -5.8 -5.8 5300
15 10.8 -7.8 -7.8 5400
13 10.9 -7.2 -7.2
12 11.4 -5.1 -5.1 5500
16 11.5 -7.4 -7.4 5400
14 11.8 -7.3 -7.3
17 12.2 -8.0 -8.0 5400
13 12.3 -5.5 -5.5 5300
15 12.6 -7.0 -7.0
18 12.9 -7.7 -7.7 5400
14 13.2 -4.9
16 13.4 -7.7 -7.7

LPAGE 514-11 FIGURE 514-9

tI



V7V
'I,
Lii Lii

V)U

C/)

C) LL
cew0 C)

S .( C ) 1 .

I-

LJ

*L LD <C

Li Li JL

C3 C-9

OC)LL LC3
I.- F- LL C)z

LLLJ u

~LLJ C C) 0$
E0 C) a::

LO C..)I 0
LL L. ) 3C)
>- Lil LLC)

0 ~LLI
C)

0 LUJ
-j )
LU O

W~-4LA LiiAI

CL

LA. Lii

ixII L

PAGE 514-12 FIGURE 514-10



TEST QN051'4A0

500-GRAIN HEX HIBAL FRAGMENTS
VERTICAL MEASUREMENTS OF FRAGMENT HIT LOCATION fINCHES)

RELATIVE TO THE TOP OF THE WARHEAD

____________ FRAGMENT COLUMN ______

FRAGMENT
ROW 1 2 3 4 AVERAGE

1 +21.0 +12.0 ______ +17.0

2 +____ +2.0 +__ _ +2.0 + 2.0

3 - 3.0 - 5.0 _____ - 4.0

4 _______ -10.0 - 8.0 - 9.0

5 -13.0 _____ -14.0 _____ -13.5

6 -18.0 -17.0 -17.5

7 -21.0 -19.0 _____ -20.0

8 _______ -24.0 -22.0 -23.0

9 -24.0 _____ -24.0 _____ -24.0

10 _______ -26.0 _____ -26.0 -26.0

11 -27.0 _____ -27.0 -27.0

12 _______ -31.0 _____ -29.0 -30.0

13 -30.0 _____ -32.0 -31.0

14 ______ -34 ______ -30.0 -32.0

15 -35.0 ______ -34.0 -34.5

16 _______ -35.0 ______ -33.0 -34.0

17 -37.0 _____ -36.0 ______ -36.5

18 _______ -37.0 _____ -36.0 -36.5
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TEST 0N0514IAO

I 700-GRAIN HEX HIBAL FRAGMENTS
VERTICAL MEASUREMENTS OF FRAGMENT HIT LOCATION (INCHES)

RELATIVE TO THE TOP OF T!!E WARHEAD

FRAGMENT COLUMN
FRAGMENT

ROW 1 2 3 AVERAGE

1 _______ +14.0 +14.0

2 + 2.0 + 2.0 + 2.0 F
3 -6.0 -6.0

4 - 9.0 _______ -10.0 - 9.5

5 -14.0 -14.0

6 -18.0 _______ -16.0 -17.0

7 -20.0 ______ -20.0

8 -24.0 ______ -27.0 -25.5

9 -22.0 _____ -22.0

10 -29.0 -31.0 -30.0

11 _______ -27.0 ______ -27.0

12 -33.0 ______ -33.0

13 -33.0 ______ -33.0

14 -34.0 _______ ____ -34.0

15 -34.0 ______ -34.0

16 -37.0 _______ ____ -37.0
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TEST ONO51LAO

* 900-GRAIN HEX HIBAL FRAGMENTS
VERTICAL MEASUREMENTS OF FRAGMENT HIT LOCATION (INCHES)

RELATIVE TO THE TOP OF THE WARHEAD

FRAGMENT COLTh 4
FRAGMENT

ROW 1 2

1 +17.0

2 + 6.0

3 - 3.0

4 -5.0

5 -12.0

6 -13.0

7 -17.0

8 -21.0

9 -21.0

10 -26.0

11 -28.0

12 -27.0
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WARHEAD BEFORE AND AFTER SHROUD IS PLACED IN POSITION
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500-grain FRAGMENT

FRAGMENT PATTERN WITNESS SHEETS FOR

500, 790, AND 900, GRAIN HEX HIBAL FRAGMENTS

TEST Q0514AO
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2.2 SUMMARY OF WARHEAD TEST RESULTS

2.2.1 SUMMARY, PREFORMED-FRAGMENT WARHEADS

The comparison of predicted and measured fragment velocities and
polar ejection-angles for each of the tour warhead sizes are presented
in tables 2.2.1 thru 2.2.4.

2.2.1.1 VELOCITY

For the 8-inch diameter, 80-ib, and the 11.5-inch diameter, 135-lb
warheads the measured values were close to the predicted values, and
slightly lower than the predicted values for the 11.5-inch diameter,
200-lb warhead and the 19-inch diameter, 200-lb warhead. The fragment
velocities from the 11.5-inch diameter, 200-lb warhead were still
within the range of desired fragment velocities (5000-5500-ft/sec), but
the velocities from the 19-inch diameter, 200-lb warhead were below this
range.

2.2.1.2 POLAR ANGLE

For the 8-inch diameter, 80-lb warhead the measured polar ejection-
angles were very close to the predicted values. For the 11.5-inch diameter,
135-lb warhead, the measured ejection-angles were close to the predicted
except for the two end-rows of fragments, which did not spread as much
as predicted. For the 11.5-inch diameter, 200-lb warhead the fragment
ejection-angles near the booster-end of the warhead were very close to
predicted, but the fragments near the non-booster end did not spread as
much as predicted. For the 19-inch diameter, 200-lb warhead, the three
rows of fragments nearest the booster-end, and the row of fragments
furthest from the booster-end did not spread as much as predicted. The
renaining 10 rows of fragments in this warhead were close to the predicted
values.

2.2.1.3 FRAGMENT OUALITY

The preformed hex HIBAL fragments lost no fragment weight from
either the detonation or from perforation of the shrouds or the recovery
medium. Minor fragment deformation, resulting from the explosive sweep,
occurred in each of the tests.

.PAGE 9



2.2.2 SUMMARY, FIREFORMED-FRAGMENT WARHEADS

For the 8-inch, 80-1b; the 11.5-inch, 135-Ib; and the 11.5-inch,
200-lb firefonned-fragment warheads; the comparison of predicted and
measured polar ejection-angles and velocities are presented in tables
2.2.5 thru 2.2.7. For the 19-inch diameter, 200-lb warhead, no table
comparing actual vs predicted values was prepared because; (a) no useful
polar angle data was acquired, and (b) Lhe velocity bounds established
from the data did not permit a row-by-row comparison to be made.

2.2.2.1 VELOCITY

The fragment velocities for the 8-inch, 80-1b; 11.5-inch, 135-1b;
and the 11.5-inch, 200-lb warheads, were close to the predicted values.
For the 19-inch, 200-lb warhead, the highest fragment velocities were
about five percent less than the predicted value* for this size warhead
without shroud. The velocity bounds defined by the data from the 19-inch
test strongly suggest that the velocity of the fireformed fragments will
conform to the preformed-fragment-velocity characterization, for the
same c.g. locations and shroud conditions.

2.2.2.2 POLAR ANGLE

The measured polar ejection-angles for the 8-inch diameter, 80-lb
warhead were close to the design values of polar ejection-angles.
Improper lengthwise pairings of fragments occurred in the tests
of the other three sizes of warheads, which altered the fragment polar
ejection-angles. Thus the resulting fragment patterns were narrower than
predicted, a natural result of the unwanted, lengthwise pairings of
fragments. On the basis of comparative data from subsequent tests
(QNO811AO and QNO819AO) it appears to be safe to assume that the polar
angle distribution for the firefomed fragments will be essentially the
same as for preformed fragments having the same c.g. locations and end
conf igu rations.

2.2.2.3 SUMMARY OF THE EFFECTS ON FRAGMENT QUALITY OF VARIATIONS
IN OPPOSED-GROOVE DESIGNS

The data demonstrate that when the opposed grooves are designed
properly, loss of fragment weight in fireforming can be limited to
between ten and fifteen percent.

* (Using the Brown-Modified Gurney Equation, see footnote
L in Appendix III.)

PAGE 10
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A. Included Angle

The included angle of the grooves was maintained at 37 degrees for
all the fireformed-fragment-warhead tests and, thus, the effects of
variations in groove angle on resulting fragment quality cannot be
ascertained from the warhead test data. (NOTE: The mat firing data
(Appendix I) indicated that relatively wide angle grooves (90'-120')
require the presence of a relatively der.se inert filler material in the
outside grooves to achieve proper fragment fireforming.)

B. Longitudinal Grooves

The test results indicate that fragment quality is primarily a
function of the metal remaining between the apexes of the opposed grooves.
Best results were obtained when the metal remaining between inside and
outside grooves was a maximum of 0.220-inch to 0.240-inch. When the
metal remaining between the apexes of the grooves exceeds this value,

undesirable results such as partial fragments or fragment "borrowing"
from its neighbor occur. Data from Test QN0514AO show that the resulting
fragment quality is not sensitive to the ratio of the depths of the
inside and outside grooves as long as the remaining metal value is
0.220 to 0.240-inch; The loss of metal removed from the case by the
grooving process is minimized when the inside and outside grooves are
of equal depth. Spacing between longitudinal grooves was varied from
0.625-inch to 1.188-inch with no apparent effect on fragment quality.

C. Circumferential Grooves

The metal remaining between the apexes of the inside and outside
grooves must not exceed "threshold" limits, to prevent fragment
lengthwise pairing. For the 8"-diameter, 80-lb warhead the opposed
groove design was adequate to achieve proper fragment breakout, (i.e.
with no lengthwise pairings). For the other three warhead sizes, the
depths of the opposed grooves were not adequate (in that too much metal
remained between the apexes of the grooves), and lengthwise pairings of
fragments resulted on the non-booster-end-half of the warhead. It is
estimated that proper lengthwise breakout will be achieved when the
metal remaining between the apexes of the grooves is 0.100-inch.

When the inside groove depth exceeds 0.120-inch, the inside non-
booster-end edge of the fragment is broken off by the detonation.

[PAGE 11
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2.2.2.4 SUMMARY OF THE DESIGN EVOLUTION FOR THE FIREFORMED FRAGMENT,
OPPOSED GROOVE, WARHEADS

The results of the fragment mat tests were usei to design the first
fireformed warhead test, QN0225AO, which was 8-inch diameter, 0.488-inch
case thickness. Excellent firefoming results were achieved in this
first test.

The second and third tests, QNO311AO and QN0328AO represented a
change in both warhead diameter and warhead case thickness. There were
several design approaches for opposed grooving which were possible.
Proper firefoming of fragments could be dependent on:

1. The depths of the inside and outside grooves (or
sum of the depths).

2. The ratio of the depths of the grooves to the
case thickness.

3. The metal thickness remaining between the apexes
of the opposed grooved.

Design approaches 1 and 2 were pursued in tests QNO311AO and
ON0328AO. The results of these tests demonstrated that the design
approaches were not the correct ones to follow.

In test QN0409AO, the design approach was changed to provide for
the metal thickness remaining between opposed grooves to bracket those
values which were successful in the first test QN0225AO.

Excellent fragments were recovered in test QNO409AO; however, the
Celotex recovery medium contributed to breaking the fragments at the
circumferential grooves (a fact which was not recognized until the results
of the following test were obtained).

Test ON0429AO served Lo provide upper bounds on the metal thickness
remaining between longitudinal grooves for proper fireforming, and
demonstrated that too much metal remained between the opposed circuiferen-
tial grooves.

In test QNO514AO, circumferential groove depths were significantly
increased so as to reduce the metal remaining between opposed grooves.
However, this increase in groove depth proved to be insufficient.

Subsequent tests (QNO811AO and QNO819AO) of 60-degree sectors of the
19-inch annular warhead, using the groove depths and groove spacings
associated with the follow-on warhead designs contained in this report,
have yielded fragments that broke up as desired, had good shape charac-
teristics, weighed within 2% of their design weight and had a polar
ejection pattern that was essentially identical to the pattern measured
for the preformed fragments fired from this 19-inch warhead in test
No. QNO4O9AO.
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TABLE 2.2. 1

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES

AND POLAR EJECTION ANGLES FOR THE 8-INCH DIAMETER, 80-LB
PREFORMED HEX HIBAL WARHEAD, FOR 700-GRAIN HEX HIBALS

FRAGIENT POLAR EJECTION ANGLE (degrees) FRAGiENT VELOCITY (ft/sec)

ROW PR ED IL IEl.l f'EASURELD PREP ICTED IMASURED

1* + 4.7 + 4.7 4100 4300

2 + 1.2 + 1.2 4300 4800

3 - 0.7 - 0.7 4600 5000

4 - 1.8 - 1.8 4800 5200

5 - 2.7 - 2.7 5000 5400

6 - 3.2 - 3.2 5100 5400

7 - 3.6 - 3.6 5200 5500

8 - 3.9 - 3.9 5300 5500

9 - 4.2 - 4.2 5400 5600

10 - 4.3 - 4.3 5500 5700

11 - 4.7 - 4.7 5500 5600

12 - 5.4 - 5.4 5500 5600

13 - 5.5 - 5.5 5500 5600

14 - 5.7 - 5.7 5400 5500

15 - 5.8 - 5.8 5300 5600

16 - 6.1 - 6.1 5000 5400

* Row of fragments closest to booster end of warhead
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TABLE 2.2.2

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES

AND POLAR EJECTION ANGLES FOR THE 11.5-INCH DIAMETER, 135-LB

;PREFORMED HEX HIBAL WARHEAD, FOR 700-GRAIN HEX HIBALS

FRA ENT POLAR EJECTION ANGLE (degrees) FRAGM1ENT VELOCITY (ft/sec)

ROW PREDICTED MEASURED PREDICTED REASURED

1* +10.0 + 5.0 4450 4100

2 + 3.0 + 1.3 4900 4750

3 0 - 1.0 5000 4950

4 - 1.3 - 1.9 5350 5200

5 - 1.9 - 3.2 5550 5300

6 - 2.6 - 3.8 5600 5350

7 - 4.8 - 4.6 5650 5400

8 - 4.9 - 6.1 5650 5400

9 - 5.8 - 4.7 5700 5400

10 - 5.8 - 7.0 5700 5400

11 - 6.2 - 5.8 5700 5400

12 - 6.3 - 7.5 5700 5400

13 - 6.6 - 7.2 5650 5400

14 - 6.8 - 7.3 5550 5400

15 - 7.8 - 7.0 5350 5400

16 -11.0 - 7.7 5000 5400

* Row of fragments closest to booster end of warhead
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TABLE 2.2.3

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES

AND EJECTION ANGLES FOR THE 11.5-INCH DIAMETER, 200-LB PREFORMED

HEX HIBAL WARHEAD, FOR 700-GRAIN HEX HIBALS

FRAGMENT POLAR EJECTIOI ANGLE (degrees) FRAGMENT VELOCITY (ft/sec
ROW PREDICTED MEASURED PREDICTED MEASURED

1* +10.0 + 9.5 4300 4100

2 + 5.0 + 5.0 4600 4200

3 0 + 2.5 5200 4300

4 - 1.0 + 1.0 5300 4500

5 - 2.0 - 0.3 5400 4850

6 - 3.0 - 1.4 5500 4500

7 - 3.5 - 2.0 5600 5000

8 - 4.0 - 2.3 5700 5000

9 - 4.5 - 2.2 5700 5100

10 - 5.0 - 3.2 5700 4850

11 - 5.8 - 3.1 5800 5100

12 - 6.0 - 3.9 5800 5100

13 - 6.2 - 3.8 5800 5300

14 - 6.3 - 4.5 5900 5100

15 - 6.6 - 4.3 5900 5300

16 - 6.8 - 5.0 5900 5450

17 - 7.0 - 4.6 5900 5450

18 - 7.0 - 5.0 5800 5450

19 - 7.0 - 4.4 5800 5450

20 - 7.5 - 5.0 5600 5450

21 - 8.0 - 4.5 5500 5300

22 - 9.0 - 4.8 5400 5300

23 -11.0 - 4.9 5200 5000

* Row of fragments closest of booster end of warhead
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TABLE 2.2,4

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE 19-INCH DIAMETER, 200-LB PREFORMED

HEX HIBAL WARHEAD, FOR 700-GRAIN HEX HIBALS

FRAGiENT POLAR EJECTION ANGLE (degrees) FRAGMENT VELOCITY (ft/sec)
ROW PREDICTED MEASURED PREDICTED MEASURED

1* +25.0 +15.0 4600 3500

2 + 8.8 + 4.9 4850 3900

3 + 5.0 + 0.8 5050 4300

4 0 - 0.7 5250 4500

5 - 1.5 - 2.6 5400 4600

6 - 2.5 - 3.5 5500 4700

7 - 3.0 - 4.6 5600 4800

8 - 4.0 - 4.2 5600 4900

9 - 4.5 - 5.5 5600 4900

10 - 5.0 - 5.3 5600 4900

11 - 5.5 - 6.1 5500 4900

12 - 5.5 - 6.0 5400 4800

13 - 8.0 - 7.6 5200 4600

14 -15.0 -10.3 5000 4500

*Row of fragments closest to booster end of warhead
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TABLE 2.2.5

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE 8-INCH DIAMETER, 80-LB

FIREFORMED HIBAL WARHEAD

FRAGM1ENT POLAR EJECTIONJ ANIGLE (degrees) FRAGM1ENT VELOCITY (ft/sec)
ROW PREDICTED - MEASURED IPREDICTED T EASURED

1* + 5.1 + 8.5 4100 4500

2 - 1.0 + 4.1 4300 4300

3 - 1.3 - 1.0 4600 4800

4 - 1.9 - 1.9 4800 5300

5 - 2.6 - 3.6 5000 5300

6 - 4.8 - 4.2 5100 5300

7 - 4.9 - 5.0 5200 5300

8 - 5.8 - 5.6 5300 5300

9 - 5.8 - 5.6 5400 5500

10 - 6.2 - 5.8 5500 5500

11 - 6.3 - 6.3 5500 5500

12 - 6.6 - 6.7 5500 5500

13 - 6.8 - 6.3 5400 5300

14 - 7.2 - 6.2 5300 5300

15 - 7.8 - 5.6 500 5300

*Row of fragments closest to booster end of warhead.
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TABLE 2.2.6

COMPARISON OF PREDICTED AND MEASURED FR.\GMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE ij.5-INCH O.D., 135-LB

FIREFORMED HIBAL WARHE,4D

FRAGMENT POLAR EJECTION ANGLE (degrees) FRAG .ThT VELOCITY (ft/sec)
R O PREDICTED HEASUIRED* PRLDICTED tIEASURD[

1+ +20.0 + 7.6 4450 4800

2 - 1.0 - 1.0 5150 5200

3 - 1.3 + 3.3 5350 5500

4 - 1.9 - 0.4 5550 5500

5 - 2.6 - 2.5 5600 5500

6 - 4.8 5650 5500

7 - 4.9 5650 5500

8 - 5.8 5700 5500

9 - 5.8 5700 5500

10 - 6.2 5700 5500

11 - 6.3 5700 5500

12 - 6.6 5650 5500

13 - 6.8 5550 5500

14 - 7.8 5350 5200

15 -11.0 - 7.1 5000 5200

+ Row of fragments closest to the booster end of warhead.

* Fragment lengthwise pairs made it impossible to provide specific

values for fragment rows 3 through 14. All hits fell between -2.5*
and -7.10, however.
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17! TABLE 2.2.7

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE 11,5-INCH DIAMETER,

FRAGMIENT POLAR EJECTION ANJGLE (.r e) FRAGHENT VELOCITY (ft/sec)
R0OW PREDICTED MESU~RD PREDICTED t E#SURLD

1+ + 7.0 + 9.5 4600 4500

2 - 1.0 + 4.5 5200 4700

3 - 1.3 + 1.9 5400 4800

4 - 1.9 - 0.5 5500 5000-5300

5 - 2.6 - 4.0 5600 5000-5300

6 - 48 570 500-530

6 -4.8 5700 5200-5700

7 -45.9 5700 5200-5700

9 -5.8 5700 5200-5700

90 -5.8 5800 5200-5700

10 - 6.2 5800 5200-5700

12 - 6.3 5800 5200-5700

13 - 6.6 5900 5200-5700

13 -67.8 5900 5200-5700

14 - 7.0 5800 5200-5700

15 -78.5 5800 5200-5700

16 - 8.0 5600 5200-5700

18 - 9.0 5400 5200-5700

19 -11.0 -7.5 5000 5200-5700

+ Row of fragments closest to the booster end of warhead.

* Because some fragment lengthwise pairing and some breakup occurred,
specific values of polar ejection angle cannot be assigned fragment rows
6 through 19. All hits occurred between -4.00 and -750 however.
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I 3.0 CONCLUSIONS

In general, the Preliminary Warhead tests have demonstrated that the
original design criteria can be satisfied by both preformed and firefon: ed
warhead designs.

3.1 CONCERNING FRAGMENT EJECTION CHARACTERISTICS

3.1.1 FRAGMENT VELOCITY (Fireformed vs Preformed)

For equal charge-to-metal ratios and equal shroud conditions there
is no significant difference between the fragment velocities achieved with
a fireformed fragment case and the fragment velocities achieved with a
preformed fragment case.

Ejection velocities can be accurately predicted, as described in
Section 3.4.

3.1.2 POLAR ANGLE

Polar ejection angles can be accurately predicted for both the
fireformed and preformed fragments with the methodologies presented in
Section 3.4 and in Appendix III, with the exception of the row of fragments
nearest each end of the warhead. The end row of fragments is very
sensitive to the end configuration, and changes in the polar ejection angle
as a function of the end configuration cannot, at this time, be predicted
with confidence.

3.2 CONCERNING THE OPPOSED GROOVE FIREFORMING TECHNIQUE FOR GENERATING
HIBAL FRAGMENTS

The results summarized in Section 2.2.2 demonstrate the feasibility
of generating fireformed fragments with the shape and toughness needed to
qualify as HIBAL-type fragments, from all four warhead sizes.

3.3. WARHEAD MODELS FORMULATED FOR USE IN END GAME ANALYSES

The warhead models which were formulated for use in the end game
analysis during the next phase of HIBAL effort are presented in
Tables 3.3.1 through 3.3.8. A high level of confidence is placed in
the ability of the warhead designs described in Tables 3.3.9 and 3.3.10
to generate fragments having the characteristics given in Tables 3.3.1
through 3.3.8.
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3.4 GUIDELINES FOR THE DESIGN OF FUTURE WARHEADS

3.4.1 WARHEAD CHARACTERIZATION

Curves presented in Figures 3.4.1 through 3.4.4 can be used to
predict fragment ejection-angles and velocities for each of the four
warhead sizes presented herein, and are deemed adequate for predicting
either preformed or fireformed fragments.

It should be noted that changes in the design of the ends of the
warhead can significantly alter the fragment ejection characterization
near the ends.

3.4.2 OPPOSED-GROOVE DESIGN

When designing warheads utilizing the opposed groove technique,
caution should be exercised when designing fragment sizes. The metal
weight removed in the both the grooving process and fireforming process
must be planned for.

3.4.3 Structural Strength

Because of the deep grooves required to produce good breakup of
the warhead case, there is no structural advantage of the solid-case,
opposed-groove design, over a preformed fragment design having inner
and outer stress skins.

pE
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4.0 EVALUATION OF UNCERTAINTIESn ii
4.1 FOR BOTH PREFORMED AND FIREFORMED FRAGMENT WARHEADS

I ,
4.1.1 END CONFIGURATION

Missile attachment structural details are likely to have a signifi-
cant effect on the velocity and polar ejection angles of the fragments
located closest to the ends of the warhead.

4.1.2 SHROUD DETAILS

The missile shroud used in any given application may differ fran
the simulations used in these tests and this may significantly alter
the effect on fragment velocity, ejection angles, shape and weight.

4.2 PREFORMED FRAGMENT WARHEADS

4.2.1 SKIN THICKNESS

The skin thickness (both inside and outside) necessary to meet
environmental and/or structural requirements in any given application
may differ significantly fran the thickness used in these tests. The use
of different skin thicknesses may significantly affect fragment polar
ejection angle, velocity, shape and weight.

4.3 FIREFORMED FRAGMENT WARHEADS

4.3.1 FRAGMENT CASE ALLOY

Opposed groove designs may change, in terms of the metal thickness
between the apexes of the opposed grooves, for differing alloys. No
problem is foreseen in developing an opposed groove design which will
properly fireform fragments for most alloy steels, or mild steels.

PAGE 22
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TABLE 3.3.1

WARHEAD CIIARACTERIZATIONS

PREDICTED FOR 8-irtc'i DIAMETER x 80-1-B WARHEADS
CONIAINING PRLFOR'IED HEX IIIAL FRAGMENIS

(BASED ON DATA OBTAINED FRON, TEST NO. QN0319AO)

FRAGMENT DEYAI LS
FRAG. WI. 4 500-qrain 7---700- a ini . 900-(Irdi n
T OlAl. NO. 4I0 352 _

WID1'611 ACROSS
FLATS 7/8 1 1-1/8

THICrYNLSS
0.42 0.42 0.42

FRAGMENT EJECTION CHARACTERISTICS (1)

ROOLNAO 0 N G L E V E LO C I TY -O AR -- iN-G - I -C -- - - - A T L -F L I T Y
S (deres) (ft/secL (decqrees) (ft/sec) (degrCes) I (ft/g.CcA (2) (3)

1 ___ +4.5 4300 44.0 4300 43.5 04400
2 +1.0 4700 +1.0 4700 40.5 4 0
3 0.0 5000 -1.0 5000 -1.5b 5100
4 -1.5 5200 -2.0 5300 -2.5 1 5300--
5 -2.5 5300 -3.0 5400 -3.5 5500
6 -3.0 5400 -3.5 5500 -4.0 -5600
7 -3.5 5500 -4.0 5600 -4.5 5600
8 -4.0 5600 -4.5 5600 -5.0 5700
9 -4.0 5600 -5.0 5700 -5.0 5700

10 -4.5 5700 -5.0 5700 -5.5 5700
11 -5.0 5700 -5.5 5700 -5.5 5700b]
12 -5.0 5700 -5.5 5700 -6.0 5700
13 -5.5 5700 -5.5 5700 -6.0 5600-
14 -5.5 5700 -6.0 560 -6.0 5500
15 -6.0 5700 -6.0 5600
16 -6.0 5600 -6.0 5500
17 -6.0 5600
18 -6.0 5500

NOTES:

(1) Polar angle is given from the fragment c.g. relative to a normal to the warhead
axis through that c.g. Plus angles are toward the booster end. Velocity is the
estimated average velocity measured over the first fifteen feet of travel in a
static arena test. including losses through shroud(s) and insulation.

(2) A and B are end-ring rows.
(3) Booster end.

L
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TABLE 3.3.2

WARHEAD CHARACTERI ZAT IONS

PREDICTED FOR 8-iriiC DIAMETER x 80-L.i WARHEADS
CONTAINING FIRLFORCED HIBAL I-RAGMLNIS

(BASE) ON DATA OBTAINED IN TEST NO, QN0225AO)

rR PkGT -IUTATT
FRAG. W(. 500-qrain 700-(cra n 900-orain
TOTAL NO. 504 35 286

C IROCUMFL RLEN[ f-AL-'

WIDTH:
S MNSIDE 0.799 0.895 1.017
tS-- 0.898 1.005 1.142 -

-' W!(N A 0.833 1.0 1.154
WIDTH: .T _ U SS 0 4 37 5 ' _ __ O!-4375_ !L 0 . 4315 b . .. . . .

-AE RW LAR ALE VELOCITY - Aw- -l- VELOCITY-POA-,L[ 'LOCYFRAGMENT ROW Potep )_ fle)l _.de~es_ .. t sc___ e res ]f..,,)_i

T_ degr es t/cJg res) ftI/s 'I cereesl _j~c
1 (3) 414.0 4300 13.5 - 4400 13.0 I. 44
2 + 8.0 4600 + 6.0. 4600 + 5.0 4700
3 + 3.0 4800 + 1.5 j 40-- 0.0 -4QJ

4 + 0.0 490 -. 0 J 5000 -2.0 51'

5 - 1.5 5100 1 .0 - 5200 -4.0

6 - 3.0 5200 - 4.0 5300 - 5.0 53J00
7 - 4.0 5300 - 5.0 54001 - 5.5 5400
8 - 5.0 5400 - 5.5 500 - 6.0 55 Gr
9 - 5.5 5400 - 6.0 5500 1 - 6.5

10 - 6.0 5400 - 6.5 5500 1 - 6.5 550)
11 - 6.0 5500 - 6.5 5500 1 - 6.5- .546T_
12 - 6.5 5500 - 6.5 5400 ] - 6.0 54(0
13 - 6.5 5500 - 6.5 5400 - 5.5 5300-
14 - 6.5 5500 - 6.0 5300
15 - 6.5 5400 - 5.5 5300 -

16 - 6.5 5400 _
17 - 6.0 5300I
18 - 5.5 5300

NOTES:

11) All linear dimensions are in inches.
2) Polar angle is given from the fragment c.g. relative to a normal to the warhead

axis through that c.g. Plus angles are toward the booster end. Velocity is the
estimated average velocity measured over the first fifteen feet of travel in a
static arena test, including losses through shroud(s) and insulation.

(3) Booster end.
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TABLE 3.3,3

WARHEAD CHARACTERIZATIONS

PREDICTED FOR 11,5-INCH DIAMETFR x 135-LB WARHEADS
CONTAINING PREFORIED HEX HIBAL FRAGPIENIS

(BASED ON DATA OBTAINED IN TEST NO. QNO514AO)

_______________________ - FRAGMENT 1)LTAI LS

FRAG. WT. 500-grain - 00-grain _900-grain___
TOTAL NO. 720 560 403

WI I'DTH 'AU SS
FLATS 13/16 15/16 1-1/16

__tr h)_ __ ___________________________

THICK1ESS 0.485 0.485 0.485
(inch) OA_485 _O._485. O._485

FRAGM4ENT EJECTION CHARACTERISTICS (1)

POLAR ANGLE VELOCITY POLAR ANGLE VELOCITY POLAR ANGLE VELOCITYROW NO. (degrees) (ft/sec) (degrees) (ft/sec) (degrees) (fl/seclA (2) 3
1 +6.0 4100 +5.0 4100 +5.5 4150
2 +1.0 4800 +1.5 4750 +2.0 4600
3 -0.5 4900 -1.0 4950 0.0 4900
4 -2.0 5100 -2.0 5200 5-.01 5150
5 -3.0 5400 -3.5 5300 -2.0 5300
6 -4.0 5400 -4.0 5350 1 -3.0 540
7 -5.0 5400 -5.0 5400 54-3.5 _450

8 -5.5 5400 -5.5 5400 1 -4.0 55008 -6.0 5400 -6.0 5400 -4.5_55-__----

10 -6.0 5400 -6.5 5400 1 -5.0 5500
11 -6.5 5400 ' -7.0 5400 -5.0 5450-'
12 -7.0 5400 -7.0 1 o5400 1 -5.5 5400
13 -7.0 5400 -7.0 5400 1 -6.0 5350
14 -7.5 5400 -7.5 5400
15 -7.5 5400 -7.5 5400
16 -8.0 5400 -8.0 5400
17 -8.0 5400 -
18 -8.0 5400B (2)

NOTES:

(1) Polar angle is given from the fragment e.g. relative to a nomal to the warhead
axis through that e.g. Plus angles are toward the booster end. Velocity is the
estimated average velocity measured over the first fifteen feet of travel in a
static arena test, including losses through shroud(s) and insulation.

(2) A and 8 are end-ring rows.
(3) Booster end.
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TABLE 3,3,4

WARHEAD CHARACTRIZATIONS (4)
PREDICTED FOR 31 .5-INCH DIAp rEPR x 135-i 1i WARHEADS

CONi AI Ni NG F IREFUOHrI) HI BAL FtRAG[ENTS
(BASED ON DATA OBTAINED IN lEST NO. QNO514AO)

FRAGM0 NT ((HA_ . . . .
F RAG. 1 T. 500-qra in 709-- ra n 900- cira i n

. TOlAt .. 7AL N_. 55- 49
I-C RCUW,- I RLN Il

WIDIH:
I INSIDE 0.707 0. 89? 1.000

--- Q )R(,- - -~ ------ --- ;

W 1)ITH: 0.824 0.933 1.077

101 (. "SS0.5 - .---0- X) , 0_ _ O. 500

FRAGIET [JEC1 10N CHAACTERI STICS (,)
FRAM.N ROW I 0(40 AT I UulA- -T 1O/, / W i Y -- ro gpiV,.'S Li VE1 rIr

..._ - _(.s)_.... (ft/;c) J (eue- ) _(f_/e _) v e f f4L/u C
1 (3) U' , 3 4,(. ] ,-

3 0_0 4 1u -- -. ' - X -4- - L--5. . .. I, .. . . .- -2 U .. . . 51'. 1,. . . 5.. . I0' ..
.... 2 . . .... ... l i .... .. _ I_ ... 3. 1. . : . ._q . .. ,

5 -2.5 *,]I -4. .5 W3.

9 ~ ~~~~ ~ . 5 ..... ?,(;j I -5 : :..., -. 5<40 6~I 4 ( I44

9 o0 I. __,. - -- ,.. - - . 5

1-6.0 5! i0 60 -t. 1 5; 6--- - . ,

13 __ _ - 6.5 ;5 ',-- i .. .- 7/ ... . .5411 .. . - 7- 0- .. . .. 350i4 -6. _ _ '.50 -7.0 50 110:

15 -7.0 5400 -7.0 5470

16 -7 .0 ..... .. _____4 _____ ___
17___ -7.0 5300 _

NOTES:

(1) All linear dimensions are in inches.
(2) Polar angle is given from the fragnient c,9. relative to a norital to the warhead

axis throuqh that c.q. P'us anqles are toward the booster end. Velocity is the
estinlted average velocity measured over the first fifteen leet of travel in a
static arena test, including losses through shroud(s) and insulation.

(3) Beoster end.

(4) Thtu har a(teri;'ations shown on this ptage reflect the oata fro,
tlhe P4IOVvlnt te~ts repoirt d hi'reiin, hut are lOUt to Iie ui.ed our

the. second phase IIII;AL ed-gaa, analysis. See Nute 4 on page
26A.
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TABLE 3.3.'4A

J ~ ~WARHEAD CflAfACTER1 ZAT IONS
PKED ICTED FOR 11.5-I OCH DI N~i TER X 335- Lli ,,.AxjjADS

COHl Al DING I1:1 WEVONV) 1I IBAL FRA(;VLDTS
(BASED ON DATA OlA I DL) IN TEST NO, Q1NOG32GAO) (4)

10lA! ! 0.131
-C1C U: 11 Li I I AC ---

I0s 1'i* ); 0. /0 8P_
LOG R i p 1 /b--

LUN 111I: 0. 8'- 0. 933 1 .07/

FkAIl NI I E1EC 10.1 ___ I! rppA T E!I.J

iii~' Vi t3CTP N~~c Y~~

ANGIJ A\(. 0-i 1 ! 'I L AVG 0- A"'' L AV(. -
-HIM11LFrOT C (den(. (1- /S') _ _(P-.. (f- I 0~ ~

3 ~ ~~ ~ 6 7 5JO '' I(

4~ 1) 0Y0

6 3 100i 34

84 530 4 iU
9 4 !,no 5400 4

10 '*01) o

3 -11 41) -- ~( - - 'I-

14 6 5410 / bi k)

167 0-U -----(

NOTES:

(1) All linear diosioris are in) incfrs.
(2) Polar angl e is q iven frcont the fragmenot c q. rel atiye to at nr mi to thle %-: Iiea

axis thrOUI lit c) C.g Pl! angles arei towird the bomor o ed Velocity i the
estimated 'I i.'r-pc velocity i'ea 0 oP over Ote first filtuel leot of travul inl a
sta tic arenO Lust, i ilcl dill tig ls!eS ttiiULiIi hio' I-( s) anld IoSolut ion.

(3) Ileoster efid.
(4) lhie chai-acteii,alioTs (liven oil this page(Ic at-e b)aSed upon t10

results obta id from Test No. Q1109'26A1 whicht is not reported
herein. The I 3i-1b v-,artiad I tuLd in QNOWCAO inrorponi te(d
the recomiir'itled d'-sign dtai is li ven onl pous 40 of thi,.rpos
for the 7OXp-voin vorsiion of it I 3-l firot i'iro HIMlA ua od.
Theroolt obla Pied from QGUU'?iArO will be r1-pfo-t d fully ill a
Subiseque!nt. rep-It. The chli roe rizdtion005 on t hiis pine! il hl
used in the second phase110 enit-imn anil,J since. tti-y
reflect tte poi-foriiance oif the recotiincnti, de,,i go'
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TABLE 3,3.5

3 IWARHEAD CHARACTERIZATIONS
PREDICTED FOR 11.5-NCH DJAMETER x 200-ti WARHEADS

CONTAINING PREFORMED IX HIB3AL FRAGMNI S

j(BASED ON DATA OBTAINED IN TEST NO. QNO429AO)

FRETIS7 -- _-_T-AILS

FRAG. WT. 500-grain 700-.9rain 900-1rai
TOTAL-UN. .1161 85] 640

WIDIH ACROSS
FLATS 3/4 7/8 1

(inch)-THilCKNESS0.40.40.4
(inch) O.______48_____.__5_______O.___5___8

FRAGMENT EJECTION CHARACTERISlICS (1)

ROW NO. POLAR ANGLE VELOCITY POLAR A0!6LE V-LOC-Y -- LOR ANIGLE VELOCITY
(degrees) (ft/sec) (degrees) (ft/sec) (deqrees) (ft/sec)

1 +11.5 4100 +10.0 4100 +7.5 4100
2 + 7.0 4200 + 5.0 4200 +4.5 4?50
3 + 4.0 4300 + 2.5 4350 42.0 4400
4 + 2.5 4400 + 1.0 4500 0.0 4550
5 4 1.0 4500 - 1.0 4600 -1.0 47i00-
6 + 0.5 4650 - .0 4700 -2.0 ----__1 . ...
7 - 0.5 4200 - 2.0 4850 -2.5' 4950
8" - 1.0 4800 - 2.5 4950 -3.0 5100
9 - 1.5 4900 - 3.0 5050 -3.0 5200
20 - 2.0 5000 - 3.0 5150 -3.5 5300
11 - 2.0 5100 - 3.5 5250 -4.0 5350
12 - 2.5 5200 - 3.5 5300 -4.0 5450
13 - 3.0 5250 - 4.0 5400 -4.0 5500
14 - 3.0 5300 I -4.0 5450 -4.5 5500
15 - 3.0 5400 - 4,0 _ 5500 -4.5 1 5500
16 - 3.5 5450 - 4.0 1 5500 -4.5 1 5500
17 - 3.5 5500 - 4.0 1 5500 -4.5 5450
18 - 4.0 5500 - 4.5 T 5500 -5.0 5350
19 - 4.0 5500 -_4.5 5500 -5.0 5200
20 - 4.0 5500 - 4.5 5400 -5.0 4950
21 - 4.0 5500 - 5.0 5300-
22 - 4.0 5500 - 5.0 5150 1
23 - 4.0 5450 - 5.0 4950
24 - 4.0 5350
25 - 4.0 5250'-
26 - 4.0 5100
27 - 4.0 4950

NOTES:

(1) Polar angle is given from the fragment c.g. relative to a normal to the warhead
axis through that c.g. Plus angles are toward the booster end. Velocity is the
estimated average velocity measured over the first fifteen feet of travel in a
static arena test. including losses through shroud(s) and insulation.

2i A and 8 are end-ring rows.
3 Booster end.

LP
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U TABLE 3.3,6

WARHEAD CHARACTERIZAT IONS (4)

PREDICT[D FOR 1 ,5-1NCH DIAMEI FR x 200-t.! AEIWADS
CONTA]NING F UI LFORNLE) HI -AJ iAU-LNIS

(BASED ON DATA OBTAINED IN TEST NOS, QN0328AO AID UNO29AO)

______ _____WC tN OAu ( .- .

FRAG. WT. I00- Ca n . /0O--, i
100 NO._ - ]14 - 836 .................

,CICU L, , 1 ' 
f,L .... . ..-. . . . . ... . . . .. . .

WIDTH: 
PL- l- - 0.741 0. '.5,8 0 9r)

NII D I: NL. 769 0.909 . _000

Til C tl; S ". .. ..... 0 L -,, .... .. . . O:!C3 . . . .. . . . 0. {)-. ,, 
t 
"t . . . .

FRAG!ENT EJECTION CI!AR(CTL[IS1ICS (2)
FRA. F NT RON41;!;i i- -V OC- 1 Y- - T , AA ;- - ] J Y --- S- IL - - L- ,i 1-

(deor(F,) i (ft/snc) (o eer) ( isec) (.,<r... j t ,
3 j 0 _4 04..] I3 .- ".2. 0 , 4] 0 3H .i Cl ] ! 4 iU I 40.Ii I ,!](.

4 .. 41 ., 4400 )0 1 . i . 4 - ,
-544 

;0 . -I 0 . 0 -

-- L - 4

9 -20 4901) / U .. 00
10 - -- -3-0 j s J)f -[- -3 - -- -',it,,. . - - . ' - -- - ->''

__ _ - 3.0 51"9] )J / -[~ ., , -,. ',' 1
19 4 9U 0.. " ....3.0.

1 ) 1 , .J t 4
4- 0 4 0 -- - -i- - ,

15 ' - -4J 4 0 540 1 4 I . .. ., 0I

17 -r4 .5C)' - 4:., ?

18-4 it 0 - 0 , - 0 1 < '5
19 4. 5 5500 .........- 5.0 . ,..20 4. 5 ( 1 -5.0 b -.. - ] U

21 -5 0 . 0 .. .,
22 -5.05 .. . - 500

4 -5.0 _
24 -5.0 530) _ _ _._

26 -5.0 4900 - --_"

NOTES:

i All linear dimensions are in inches.
Polar angle is given from the irdqinonft c.g. relative to a normal to the warhead
axis throuch that c.q. Plus dnjles are toward the booster end. Velocity is the
estimated average velocity rm.:-ured over the first fifteen feet of tradve1 in a
static arena test, includiitg losses through shroud(s) arnd insulatioi.

(3) Booster end.

(4) The characterit tion. '.tho:n in thi-, page reflect. the ditla from
the vlrViltnt. It-',(,. ti,'(trt ut h rtirt itl. ite Itol. to t)e t:. , for
the second :hii i HAL td-giurditt lysi!. See Note 4 on page
28A.
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TABLE 3.3.6A

WAMIL AD CIIARACIIR IZAl IONS
PRED ICTED FOR .11. '>- ICH Dl A~TI'- FR X 20,'O-1I HFD

CONTAIN rN I- I k F. 1 RHii1) 11 1iA Ar[.~I
(BASED ON DAMA 001 Al ID IN1 UEST NO, uNDj6') 4

TOTAL 11' ;:) I> -8A),
C t i I' ___ U'- i 1. U 1 1,t L

W ti 1.76 190')- I -(t

0 1 ) L)/
- U - r' . -

PI 1PV
AVG 0- 1 A IA.(.0

/ A

.3

104

i J I

b - - -' -

NOTRI S
() All 1 1 i orit dit'tttt'jim; a ' in ill( hL-..

ax i s tiuri''ilt thint 'rl . j I'u (.. a ' i r no titi how'' i . V~ It) i I',' ,

'tilt i 'l '1atciqe t 't i t-. i t ''0 Ii till f st tilt.Il ' u .r' i t i t t i tv. oil L

(3) LUowttIer end.O
(4) The Chit am I t ilaltins tii t tn iii' Iji t' ,-' has it ulocii Owc

lvycO' in til't ntln i', 11(o ityi~. ONI'rtr t'10 YB'. fitt I i'

th r(flco.t - de" it ti lu l it- i i c. ('11r it 'd 0 il At-,- Ip
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TABLE 3,3.7

WARHEAD CHARACTERIZATIONS

PREDICTED FOR 19-INCH DIAMFTER X 200-LB ANNUIAR WARHEADS
CONTAINING PREFORMED HEX HIBAL FRAGMENTS

(BASED ON DATA OBTAINED IN TEST NO. QNO4O9AO)

FRAGMENT DETAI LS
FRAG. WT. 50E0-ra _i 700-qra i 900- rain
TOTAL NO. 975 741 55

-I_-I1 ACROi SS-
FLATS 7/8 1 1-1/8

(_inch) d
TICKNESS 0.42 0.42 0.42
(inch)

"K" VALUE
(in fuel.) 70 74 71

FRAGMENT EJECTION CHARACTERISTICS (1)

N POA AGLE VELOCITY A NL E VELOCITY- P-0LM-A[E-VEOCROW NO. (degrees) jft/sec) ede.rees (_ft/sec) __deqrees) (ft/ec)_
_ _ (T +17.0 3600 +15.0 3650 -36S(0 . 370
2 +12.5 3950 + 5.0 4000 - 3.5 41 1
3 + 2.0 + 1.0 4300 -0-7-- 4500
4 0.0 4450 - .0: 00 o48001
5 - 2.0 4650 - 2.5 4750 3.5 5000 I
6 - 3.0 4800 - 3. 5 -4950 o 5.0 | 5100
7 - 4.0 4950 - 4.5' 5050 5.h-- ---51-O
8 - 4.5 5050 - 5.0 51-1 -o --
9 - 5.0 5100 - 5.0 5100 -6.0 48()0

10 - 5.0 5100 - 6.0 5000 - 9. Q - 4700---
11 - 5.5 5050 - 6.0 4900 -10.0 40
12 -_6.0 4950 - 7.0 4750
13 - 6.0 4850 -10.5 460014 - 7.0 4700 ]1

15 -11.0 4600 I

(1) Polar angle is given from the fra(ynent c.q. relative to a normal to the warhead
axis through that c.g. Plus angles are toward the booster end. Velocity is the
estimated average velocity measured over the first fifteen feet of travel in a
static arena test, including losses through shroud(s) and insulation.

(2) Booster end.
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TABLE 3.3.8
WAR EAD CHARACTER1 ZATIONS

PREDICTED FOR 19-incii DIAMETER x 200-1 B WARHEADS
CONTAINING FIREFORMED HIBAL FRAGMLNTS

(EXTRAPOLATED FROM DATA OBTAINED IN TEST NO. ONO'iO9AO)

-- FR-A-G-MN-T-0-I Tf is-(.i
FRAG. WT. 500-grain 700- ra in 9OO-or~iiri

"-- o-IA! NO. 980 720 540;
CIRCUMIDRNTIAL 70/row 60/row 54/row

1 _NSI-E 0.808 O____DE 0.942 1.047
OUTSIDE U.653 0.995 1.1Gb

NGI10INAL 0.786 0.917 1.100
WIDTH: ____ ____ _____ ____ ____ ___

TICKNESS 0.5 0.5 0.5

FRAGMENT EJECTION CHARACTERISTICS (2)

ROW NO.VWUCITY POLAR ANGLE VELOCITY POLAR ANGLE VELOCiT-
(deqrees) (ft/sec) (degrees) (ft/sec) (deorces) (ft/sec)

l__ _.(3) 417.0 3600 -16.0 6-O- - .(j i 370--
2 + 6.0 390 - ---- 0 -4-000 --- -3.4----0---4-1.500
3 + 2.0 - 4?O .. 0.5 4300 0.. 4 500
44 - . 5o --1.5 -46 -00 -- 3.- 40
6 2.0 4 47o0 - 3.0-(4 ' - 4)- O -0--4-- "- tO -

3.5 (4) ,1900 - 4.0 -4) 5000 -- 5.0 T 5h P ---
7 - (4. 5005.(4) 50.0 -.- - --
8 5.L(4) 5200 --.0-(4) .. 5200 -5.5 -4. 5100
9 5.0- (4-) 5>200- --5.5 (4) __5- /.00 1 - .0- - . . 00
re0- (4 - ).4 - --000 4)-H.-(D 76-
11 - 6.0 (4) 5i-O - 7.5 4_- 4900 _ .. _

12 5--(4) 5-- oJ -11 5 i4 _

13 -18.0 (4) 4600-__
14 -13(Y-(41 00 ______ _____ ___

17
18

20
21
22 .
23-
24

, , 25

NOTES :
llA linear dimensions are in inches.
2 Polar angle is given from the fragment c.g. relative to a normal to the warhead

axis through that c.g. Plus an(Iles are toward the booster end. Velocity is the
estimated average velocity measured over the first fifteen feet of travel in a
static arena test, including losses through shroud(s) and insulation.

(3) Booster end.
(4) These values conform to data for preformed fragments. Values for fireformled fragments

may differ when proper fireforning is achieved.
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" | V

+10| Io

+ 5 POLAR ANGLE VELOCITY -00

POLAR
EJECTION _
ANGLE

MEASURED FROM .5000 FRAGMENT
FRAGMENT C-g. VELOCITY

(PLUS IS (ft/sec)
TOWARD

BOOSTER-END -

(degrees) - 5 -

-10-

I I I I I i I I I I i I I I I
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

FRAGMENT c.g. DISTANCE FROM THE
BOOSTER-END OF THE WARHEAD (inch)

PREDICTED FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR AN 80-LB SOLID WARHEAD

Having an 8-inch O.D. x 2-inch I.D. x 15-inch long x 0.460-inch case thickness,
and containing preformed hex-HIBAL fragments sandwiched between an outer skin of
0.030-inch thick steel and an inner skin of 0.010-inch thick steel.

Prediction is based upon the data acquired in Test No. QN0319AO.

L P 1IGURE 3.4.1
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I

+10

POLAR + 5 VELOCITY

EJECTION

MEASURED FROM
FRAGMENT c.g. 000

(PLUS IS FRAGMENT
OWAR-D) 000 VELOCITY

(degrees) (ft/sec)

-500

.0 POLAR ANGLE

-10

I i i I i i i i i I i -
10 14

FRAGMENT c.g. DISTANCE FROM THEBOOSTER-END OF THE WARHEAD (inch)

PREDICTED FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR A 135-LB SOLID WARHEAD

Having an 11.5-inch O.D. x 2.88-inch I.D. x 14-inch long x 0.51-inch case
thickness, and containing preformed hex HIBAL fragments sandwiched between an
outer skin of 0.015-inch thick steel and an inner skin of 0.010-inch thick steel.

Prediction is based upon the data acquired in Test No. QNO514AO.
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POLAR
EJECTION + 57POLAR ANGLE
ANGLE VELOCITY 7000

MEASURED FROM 6000
FRAGMENT c.g.

(PLUS IS FRAGMENT
TOWARD 0 5000 VELOCITY

BOOSTER-END) 0 (ft/sec)

(degrees) 4000

-3000

-5

-10

0 5 10 15 18
FRAGMENT c.g. DISTANCE FROM THE

BOOSTER-END OF THE WARHEAD (inch)

PREDICTED FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR A 200-LB SOLID WARHEAD

Having an 11.5-inch O.D. x 2.88-inch I.D. x 18.38-inch long x 0.573-inch case
thickness and containing preformed hex HIBAL fragments sandwiched between an outer
skin of 0.015-inch thick steel and an inner skin of 0.010-inch steel.

Prediction is based upon the data acquired in Test No. QN0429AO.L
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+10 POLAR ANGLE

+ 5
VEO5T 7000

POLAR
EJECTION

ANGLE FRAGMENT
MEASURED FROM 0 VELOCITY
FRAGMENT C.G. (ft/sec)

(PLUS IS -4000
TOWARD

BOOSTER-END) 3

(degrees) - 5

-10

II I I I I I I
0 1 2 3 4 5 6 7 8 9 10 11

FRAGMENT C.G. DISTANCE FROM THE
BOOSTER-END OF THE WARHEAD (inch)

PREDICTED FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR A 200-LB ANNULAR WARHEAD
Having a 19-inch O.D. x 10.6-inch I.D. x 11.5-inch long x 0.46-inch case

thickness and containing preformed hex-HIBAL fragments sandwiched between an outer
skin of 0.030-inch thick steel and an inner skin of 0.010-inch thick steel.

Prediction is based upon an extrapolation of the preformed fragment data in
Test No. QNO4O9AO.
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POLAR ANGLE
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EJECTION
ANGLE 7000
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FRAGMENT c.g. -6000
(PLUS IS FRAGMENT
TOWARD 0 -5000 VELOCITY

BOOSTER-END) 0(ft/sec)

(degrees) 4000

- 3000

I I I I I I I 1 I iII

-

-10

0 5 10 15
FRAGMENT c.g. DISTANCE FROM THE

BOOSTER-END OF THE WARHEAD (inch)

FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR AN 80-LB SOLID (FIREFORMED FRAGMENT) WARHEAD1.
Having an 8-inch O.D. x 2-inch I.D. x 15-inch long x 0.438-inch

Lcase thickness. Prediction is based upon data acquired in Test
QN0225A0.
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+10 VELOCITY 7000

POLAR + 5 000
EJECTION
ANGLE FRAGMENT

MEASURED FROM
FRAGMENT c.g. 0 - -5000 VELOCITY

(PLUS IS (ft/sec)
TOWARD

BOOSTER-END) -4000

(degrees) -

POLAR
-10 ANGLE 3000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

FRAGMENT c.g. DISTANCE FROM THE
BOOSTER-END OF THE WARHEAD (INCH)

FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR A 135-LB FIREFORMED FRAGMENT WARHEAD

Having a 11.5-inch O.D. x 14-inch long x 2.88-inch
I.D. x 0.5-inch case thickness.
Prediction is based on data acquired in Test QNO311AO
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(PLUS IS FRAGMENT
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POLAR
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FRAGMENT c.g. DISTANCE FROM THE
BOOSTER-END OF THE WARHEAD (inch)

FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR A 200-LB (FIREFORMED FRAGMENT) SOLID WARHEAD

Having a 11.5-inch O.D. x 2.88-inch I.D. x 20-inches long x
0.563-inch case thickness.
Prediction is based on an extrapolation of the data from
Test QN0328AO

[FIGURE 3.4.7
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1

POLAR ANGLE

POLAR + 5
EJECTION VELOCITY 7000
ANGLE

MEASURED FROM 6000
FRAGMENT c.g. FRAGMENT

(PLUS IS RAMN
TOWARD 0 -5000 VELOCITY

BOOSTER-END) (ft/sec)

(degrees) 4000

- -3000

-5

-10-

1 2 3 4 5 6 7 8 9 10 11
FRAGMENT c.g. DISTANCE FROM THE

BOOSTER-END OF THE WARHEAD (inch)

FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR A 200-LB ANNULAR WARHEAD

L With a 19-inch O.D., 10.6-Inch I.D., 11-inches long and
a 0.5-inch case thickness, curves are extrapolated from
data obtained in Test QNO4O9AO
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TABLE 3.3.9
DESIGN FOR WARHEADS

USING
PREFORMED HEX HIBAL FRAGMENTS

ITEM 8-inch x 11.5-inch x 11.5-inch x 19-inch x [
80-lb 135-lb 200-_b 200,-1b_

DIMENSIONS

O.D. 8.0 11.5 11.5 19.0
I.D. 2.0 2-7/8 2-7/8 10.5

LENGTH 15.2 14.0 18-3/8 11.5
OUTER SKIN THK. 0.025 0.015 0.015 0.030
INNER SKIN THK. 0.010 0.010 0.010 0.010
S & A TUBE THK. 0.063 0.063 0.063 N/A

"END-PLATE THK. 0.125 0.125 0.125 0.125

FRAGMENT DETAILS

THICKNESS 0.42 0.485 0.548 0.42
WIDTH 0.875 0.813 0.75 0.875

500- NO. PER ROW 25.0 40.0 43.0 65.0
grain NO. OF ROWS 18.0 18.0 27.0 15.0

TOTAL NO. 450.0 720.0 1161.0 975.0
THICKNESS 0.42 0.485 0.548 0.42

WIDTH 1.0 0.938 0.875 1.0700- NO. PER ROW 22.0 35.0 37.0 57.0grain NO. OF ROWS 16.0 16.0 23.0 13.0

TOTAL NO. 352.0 560.0 851.0 741.0
THICKNESS 0.42 0.485 0.548 0.42

900__WIDTH 1.125 _ _1.063 1.0 1.125
900- NO. PER ROW 19.0 31.0 32.0 50.0
grain NO. OF ROWS 14.0 13.0 20.0 11.0

TOTAL NO. 266.0 403.0 640.0 550.0

MATERIALS

OUTER SKIN
INNER SKIN
S & A TUBE
END PLATES

HIGH EXPLOSIVE TO BE DETERMINED
FRAGMENTS SAE 4130 ALLOY STEEL, OIL QUENCHED FROM 1550 0F,

DRAW AT 800'F to RC42

BOOSTER DETAILS

LOCATION AT ONE END
OMPOSITION TO BE DETERMINED
SIZE

END-RING HOOPS

(EA. WIDTH 0.5 0.5 0.375 0.25EAD RADIAL THK. 0.44 0.5 0.56 0.44
END) MATERIAL MILD STEEL

L ALL DIMENSIONS ARE IN INCHES.
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TABLE 3.3.10
DESIGN FOR WARHEADS

USING
FIREFORMED HIBA. FRAGMIENTS

ITEM 8-inch x 11.5-inch x 11.5-inch x 19-inch x
80-lb 135-lb 200-lb 200-lb

DIMENSIONS

O.D. 8.0 11.5 11.5 19.0
,,__I.D. 2.0 2.88 2 .

CASE THK. 0438 0.500 0.563 0,_50_
S & A TUBE THK. 0063 0.063 0.063NIA
END-PLATE THK. 0. 125-- 0.125 O.125 0125

FRAGMENT DETAILS*

INTENDED
WEIGHT LONGITUDINAL GROOVES

DEPTH, INSIDE 0.110 0.140 __ 0.170 fL.14D_
OUTSIDE 0.110 0_.14Q 0., 170 0__14_0_

SPACING INSIDE) 0.799 0.767 0.741 .0 _OB
500- CIRCUMFERENTIAL GROOVES

grain DEPTH, INSIDE 0. 115 0.115 15 0_.115_
OUTSIDE 0.205 0.285 0.350 O.285

SPACIN SIE[ 0.833 0.824 0.769 0.786
FRAGMENTS PER ROW 28.0 43.0 44.0 70.0
NUMBER OF ROWS 18.0 17.0 26.0 14.0

TOTAL NO. OF FRAGMENTS 504.0 731.0 1144.0 980.0
1TNTED
WEIGHT LONGITUDINAL GROOVES

DEPTH, INSIDE 0.110 0.140 0.170 0.140
OUTSIDE ____O.110 0.140 O.170 0.140

SPACiNG INS IDE. 0.895 0.892 0.858 0.942
700- CIRCUMFERENTIAL GROOVES VC R__0_ 0_VS

grain DEPTH, INSIDE 0.115 0.115 0.115 0.115
OUTS I DE 0.205 0.285 0.350 0.285

SPACING -INS --E - 1.0 0.933 0.909 0.917
FRAGMENTS PER ROW 25.0 37.0 38.0 60.0

NUMOER-OF ROWS 15.0 15.0 22.0 12.0
TOTAL NO. OF FRAGMENTS 375.0 555.0 836.0 720.0

INTENDED

WEIGHT LONGITUDINAL GROOVES
D- 11H -] f O. 10 0.140 O. 170 0. 140

U1TSI 0D. 0. 110 0.-140 0.170 0.140]
--- AcTI- T -- 1.017 1.000___ 0.959 __ 04Z

900- CT-IJM-R-' FtRIi EN-TI AL-G RO-V E __

grain - E-T14W,11N S-I E- 0 0.115_ 0.115 O11
OUTSI DE 0.205 0.285 0.350 .Q-285_

1.154 1.077 1.000 _ , __
R FGMENTS-I E-R -RO'CW 22.0 ... 33.0 34.0 . . 54t0

UitEffk0F ROWS__ 10 _13.0 -- 20.0 ._,0__
TOT-Al- O O76F FRAGMLNTS 2 6.0 2.0_ 680.0 540..0-

MATERIALS

WARHEAD CASE ALL FIREFORMED FRAGMENTS MADE OF 4130 STEEL,
_QUENCHED__.AND DRAWN TO RC42L S & A TIUDE

_ _._ _ &_ _ __l-_ __ _.... END-P] ATrFS MILD STEELI Gil rxpI.(}S1VE I

* THE INCLUDED ANGLE OF ALL GROOVES IS TO BE 370, ALL DIMENSIONS ARE IN INCHES.
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